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sq ft of boiler heating surface has been equipped with | 


COXE | 


TRAVELING GRATE STOKERS 


10,500,000 


of all Coxe Stokers sold to date have been purchased on 


REPEAT ORDERS 


For optimum results with small sizes of anthra- 
cite, coke breeze or lignite, specify 


COXE STOKERS 


(Top) Coxe Stokers installed to burn No. 3 buckwheat under 4540 sq ft 
sectional header boilers in the plant of the American Museum of Natural 
History, New York. 


(Upper middle) Coxe Stokers installed to burn coke breeze under 6000 
sq ft sectional header boilers in the Hunts Point plant of the Consolidated 
Gas Company, New York. 


(Lower middle) Coxe Stokers installed to burn No. 3 buckwheat under 


3000 sq ft sectional header boilers in the plant of the Remington Arms Co. 
Inc., Ilion, N. Y. 


(Lower Left) Coxe Stokers installed to burn No. 4 buckwheat under 6680 
sq ft bent tube boilers in the Nanticoke, Pa., plant of the Glen Alden Coal 
Company. This company has installed in thirteen of its plants a total of 
105 Coxe Stokers furnished on 34 orders. 

(Lower right) Coxe Stokers installed to burn No. 3 buckwheat under 6120 
sq ft bent tube boilers in the plant of Cornell University, Ithaca, N. Y. 
Three orders, covering an aggregate of seven stokers have been received 
from this plant. 


COMBUSTION ENGINEERING COMPANY, INC. 
200 Madison Avenue, New York, N. Y. 


Canadian Associates: Combustion Engineering Corporation, Ltd., Montreal 
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What are the pertinent facts 


eontrolling boiler feedwater treating costs e 


The influences governing low treating costs are— 


First—The amount and quality of the contained 
water impurities. 


Second—Kind of treatment employed. 


Third—Scope or extent of the conditioning prac- 
tices employed. 


Fourth—Exactness with which all treatments are 
made to meet changing water and operating 
conditions. 


The First classification needs no special discussion, 
because it is logical to assume that as impurities in a 
water increase or decrease the corrective agents required 
for their removal must increase or decrease in the same 
proportion. For example, if a water contains one grain of 
calcium sulphate (terms CaCQO;), approximately one 
grain of soda ash or 21/2 grains of trisodium phosphate 
removes it. Similarly, two, three, four, etc. grains of 
calcium sulphate or its equivalent in a raw water require 
two, three, four, etc. times these same treatments. 


The Second classification is probably best understood 
by reciting some actual experiences. 


Case I--an example where the incorrect type of 
softener was selected. Here, zeolite equipment was 
installed alone to condition a water containing, 


13.1 grains calcium bicarbonate, (terms CaCQs;) 
1.3 grains magnesium bicarbonate, (terms CaCQs;) 
2.03 grains magnesium sulphate 
0.14 grain magnesium chloride 
0.41 grain silica 


The zeolite treating cost in this case approximated 10 
cents per 1000 gallons, including treatments for sulphate 
ratio adjustments and for removing the final hardness 
with phosphates. A lime-soda hot-process softener 
costs, for the same water, would have approximated 
2.25 cents per 1000 gallons with similar phosphate 
additions. ‘The high bicarbonate of soda in the zeolited 
water, in causing the delivery of large volumes of car- 
bonic acid to the steam, brought about extensive repairs 
in this case to condensate return lines, all chargeable 
to treating costs. Such misjudgments in the selection 
of a water softener set-up are absolutely inexcusable when 
the judgment of experienced and unbiased water purifi- 
cation engineers is always available for consultation pur- 
poses. 


Case Il—an example where the installation of a 
softener was unnecessary. Here, a lime-soda _ hot- 
process softener operation was replaced by internal 
treatment. Before this change was made the chemical 


costs alone averaged 1.6 cents per 1000 gallons of finished 
water. After going to the internal treatment, this was 
cut to 0.46 cent per 1000 gallons with a resulting re- 
duction in chemical costs of nearly 70 per cent and with 
excellent results. This is just another example of useless 
expenditures which could have been prevented through 
consultations with experienced water purification engi- 
neers. 


Case I11—where soda ash replaced a soda phosphate 
treatment. In this case, the silica in the deposits from 
the fire-exposed boiler tubes was near 5 per cent which 
was rather low for a phosphate treatment. A change 
was made to soda ash, which proved satisfactory and 
treating costs were reduced 67 per cent. Feedwaters, 
under such circumstances, invariably contain calcium 
bicarbonate and the phosphates in use react in the formation 
of sodium bicarbonate which later goes to sodium carbonate 
or soda ash. This proves rather a costly practice when 
_ ash can be purchased in the open market at one-fourth 
the cost. 


Case I[V—waste of money resulting from the use 
of materials of unknown composition and value. The 
following analysis on which this is based represents an 
average of fifty of these materials. 


Caustic soda (NaOH) 2.7% 
Soda ash (Na2CQs3) 12.0% 
Organic matter 5.8% 
Phosphates (NasPQ,) 2.0% 
Undetermined 1.4% 
Water 76.1% 


Based on the existing market price of these chemicals, 
the cost of 100 pounds approximates 78 cents. 


As the user of such materials pays something like 
$12.00 for this same amount, the profit, sales expense 
and whatever service is extended takes $11.22 or 93/2 
per cent of the sale price, leaving 61/2 per cent for pre- 
venting boiler scale, corrosion and the many kindred 
troubles resulting through the use of boiler feedwaters. 


The use of such highly adulterated materials at any 
time cannot produce other than excessive treating costs 
when the active materials they contain can be purchased 
singly as commercial articles or in a compounded form 
without this large addition of water. 


The Third classification or scope of a treatment on 
cost influences is understood best by assuming that 
soda ash is used singly to treat a water that causes— 


Boiler scale and corrosion 
Feed pipe and pump deposits and corrosion 
Dirty steam 
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and it costs 2 cents for soda ash per 1000 gallons to 
treat in this way and 51/2 cents where all repair expenses 
caused by water impurities are included in this cost. 
Now, assume again that the use of chemicals for cor- 
recting all unsatisfactory conditions costs 3'/2 cents and 
is increased to 4 cents with the repairs. The net saving 
in using a complete treatment is 1'/, cents per 1000 
gallons of boiler feedwater. 


It is invariably difficult to evaluate the actual savings 
through complete treatments because of the far-reaching 
effect of waler impurities on repairs, bul the example given 
is no exaggeration of the possibilities and actually under- 
estimates the savings in cases where the qualities of the 
water in use are of a highly complex nature. 


The Fourth classification is probably the most im- 
portant influence on treating costs, because it involves a 
testing set-up and experienced supervision that guarantees 
the best treatment and keeps it on the job of 


(a) Guarding the boilers, turbines, feedwater and 
steam lines, superheaters, pumps, etc., against deposits 
and corrosion to the maximum extent and, also, keeps 
chemical wastes to the possible minimum. 


(b) Indicates these effects under actual operating 
conditions. 


In summarizing this whole situation, the only 
logical way to maintain the best all-around results 
at the minimum cost in chemicals and repairs to 
equipments affected by water impurities is to use 
materials of known strength and effect and to the 
limits required to correct the conditions for which 
they are employed; to set up the controls for 
checking the results of such treatments under 
operating conditions; and to get the best advice 
on this. 


An organization with no affiliations for profit in the 
sale of water treating equipments and materials and 
which possesses the experience and facilities for research 
work is again best equipped for extending advice in 
all such matters. 


Cyrus Wm. Rice & Company, Inc., of Pittsburgh, 
with its twenty years of constant service to power plants, 
thirty-five years treating experience and excellent 
chemical laboratory facilities for all kinds of check and 
routine analyses is such an organization. During this 
period, it has been continuously employed by many of 
the most representative corporations in the United 
States and has handled treatment problems for boilers 
operating up to 1400 pounds pressure and 1000 per cent 
rating. 


_It is the “Daddy” of the present universal practices 
in use for testing boiler concentrates in the close treat- 


ment regulations for the prevention of boiler scale and 
corrosion and for preventing wastes through excessive 
boiler blow-downs. 


It also started the practices of checking the steam 
quality and of regulating this quality through tests 
of the blow-down water. The test set-ups at the plants 
for these controls are very definite and within the under- 
standing of any plant operator. This was all started 
thirty years ago. 


In 1920, the same organization began the practice of 
registering the corrosive properties of feedwaters through 
the location within the feedwater loop of sensitized 
pieces of boiler sleel. This was followed in a few years 
by the location of small plates of polished similar metals 
under the water line within the steam drum. 


In the intervening fifteen years, these detectors have 
truthfully registered the accumulative effect of any con- 
tained corrosive gases in the feedwater in a manner that 
leaves no doubt as to their value in this direction. Be- 
sides this, the retention of the older rods provides a 
very definite record which shows the progress of a 
treatment in eliminating the corrosive gases. Not only 
this, but this new way replaced the costly and unsatis- 
factory practice of periodically analyzing the feedwaters for 
oxygen and carbonic acid. 


For many years, this same organization recognized 
the necessily of developing some inexpensive treatment 
for preventing the hard silica scale depositions which 
phosphates in almost any concentrations failed to do. 
Laboratory work was started on this and over a year 
ago resulted in the production of PHOSCALOID. 
Since then it has proven ils exceptional value in pre- 
venling silica depositions at 80 per cent of the cost of 
commercial soda phosphates. This practice of cutting 
expenses without detracting from the result has been a 
policy of the Rice organization since its inception because 
at no time during its many years of existence has it 
resorted to the use of other than commercial chemicals 
for water treating purposes, nor has it employed any 
but the best standard laboratory methods for controlling 
their use. 


If high water treating costs and unsatisfactory results 
caused by water impurities are issues requiring attention 
at any one plant, the best advice for correcting them 
is none too good, because it does assure the most per- 
manent conclusion to the solution of such problems by 
injecting reasoning into the work through the use of 
chemicals and tests of known value. It is the course 
which every wide-awake engineer wishes to see in- 
augurated. 


President 


CYRUS Wm. RICE & CO., Inc. 


HIGHLAND BUILDING—PITTSBURGH, PA. 
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PROFIT sy tHis EXPERIENCE 


WHEN SELECTING 
MECHANICAL DRAFT FANS 











STURTEVANT 
VANE CONTROL 


Installed in the 
fan inlets, move 
able vanes regue 
late gas pressure 
and volume. They 

are operated by 
automatic come 
bustion control. 








406435594 59544% 





One of 6 Sturtevant Vane Control Induced Draft Far 
Ashtabula Station of The Cleveland Electric Illumina 





us in the 
ting Co. 






Ashtabula Station 
Cleveland Electric Illuminating Co. 








When the great Ashtabula Plant of The Cleve- 
land Electric Illuminating Company was de- 
signed...proved performance was the guide. 
Equipment which had made good in this 
company’s highly efficient Avon Plant was 
specified...so exceptionally satisfactory had 
been the operation of this station. 


Two years experience at Avon with Sturtevant 
Vane Control Induced Draft Fans led to the 
use of six of these same fans at Ashtabula. 


They serve boilers for three 50,000 K.W. units. 


In selecting draft fans for your plant, why not 
profit from the experience of this utility and 
other of the country’s most exacting purchasers 
of mechanical draft equipment? 

B. F. STURTEVANT CO., Hyde Park, Boston, Mass. 


New York, N.Y., 420 Lexington Ave. Chicago, II1., 400 N. Michigan Ave. 
San Francisco, Cal., 681 Market St. Branch Offices in Other Cities 


B. F. StURTEVANT COMPANY of CANADA, Lia., GALT. 
Sales Offices in Torontoand Montreal Repres. in Principal Canadian Cities 


Dratt fans 





DRAFT FANS - TURBINES - GEARS - ECONOMIZERS - AIR HEATERS 


+ 
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"COCHRANE Feed Water 
-.- Treatment prevents 


$c ALE: by removing chiefly cal- 
¢ cium and magnesium, and 
by giving the water such chemical 
characteristics that the remaining 
mineral solids do not form scale. 


CORROSION . by removing oxy- 
¢ gen from the water 
and establishing a proper pH value, 
or degree of alkalinity of boiler water. 


EMBRITTLEMENT: 3%,,.7°:". 


proper ratio of sodium sulphate to 
sodium carbonate, depending upon 
boiler pressure, as recommended by 
the A.S.M.E. Boiler Code Committee. 
The Cochrane Corporation pioneered 
the development of the Hot Process 
Softener and the Deaerating Heater, 
by which this is accomplished, and 
which can frequently be combined ad- 
vantageously in a unitary structure. 
Let Cochrane's chemical and engi- 
neering staffs recommend the solution 
of your scale and corrosion problems. 


1 “COCHRANE 





















; COCHRANE 


§ SOFTENERS °* At ATERS > ERS + BLOW-DOWN tf PMENT VALVES + FLOW METERS 





COCHRANE CORPORATION - Dept. D-11,17th & Allegheny Ave., PHILADELPHIA, PA. 
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this boiler has received the 
endorsement, implied by pur- 


chase, of such companies as 


the following :— 


Apotex Coors CoMPANY 
ALABAMA Power Co. 

CARNEGIE STEEL Co. 

THE CHESAPEAKE CORPORATION 
CHEVROLET Moror Co. 


CLEARFIELD BirumiNnovus Coa. Corp. 
Co.LGATE-PALMOLIVE-PEET Co. (2 plants) 


Co.Lumsus Rwy., Pwr. & Lr. Co. 
ConTAINER Corp. OF AMERICA 
DENVER TRAMWAY CORPORATION 
City or Derroit, Mica. 
DuPont Rayon Company 

Forp Motor Company (2 plants) 
GARDNER RICHARDSON Co. 

GuLEN ALDEN Coat Co. 

Gur REFINING Co. 

City or Hastines, NEB 


INpusTRIAL Cotton MI ts Co., Inc 


INTERNATIONAL HARVESTER Co 
INTERSTATE Power Co. 
Jamison Coat & CoKkE Co. 
Jeppo-HiGHLANpD Coat Co. 
THe ANDREW JERGENS Co. 
Kansas Ciry WaTeR Dept. 
KenTUCKY-TENN. Ltr. & Pwr. Co 
OscaR Mayer & Co., INc. 
MicHIGAN Paper Co. 

Moore STeAM TuRBINE Corp. 
JOHN MorrReELt & Co. 

New York Centrat R. R. Co. 
PEERLESS WOOLEN MILLS 
PENNSYLVANIA SALT Mra. Co. 
City or Piqua, OxnIO 

Pus.iic SERVICE oF CoLoRADO 
PuLLMAN Car & Mea. Co. 
Ratu Packinc CoMPANY 

fue RicHarpson Co. 
Rocuester Gas & Exec. Co. 
SyLvanra INDUSTRIAL Corp. 
TARENTUM PaPER MILLs, INC 
TENNESSEE Paper MILLS 
THERMOID RuBpBER CoMPANY 
U.S. Inpustrriat ALcoHoL Co. 
U.S. War DEPARTMENT 
WeEsTINGHOUSE AIR BRAKE Co. 


WestTINGHOUSE Etec. & Mra. Co. (2 plants) 


Witson & Company, INc. 
Crry or WYanporre, Micu. 


Introduced only six years ago, 


Superimpose A on B and you 
have the C-E Bent Tube Boiler, 
Design VA, shown below. 







































































































































































The Design VA Boiler has 
two separate circulatory sys- 
tems. Drawings A and B may 
be considered as separate 3- 
drum boilers. When A is im- 
posed upon B, the result is a 4- 
drum boiler with half the tubes 
comprising the first and second 
banks connecting to the first 
upper drum and the remaining 
half connecting to the middle 
upper drum. This equal dis- 
tribution of the tube surface 
between the two drums is ef- 
fected by having the first, 
third, fifth, ete. sections of 
tubes in the first and second 
banks connect to the front 
drum and the second, fourth, 
etc. sections in the same banks 
connect to the middle drum. 
















































































Side and front construction views showing the tube arrangement. 
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Today it is installed in the plants of leading companies throughout the country— 


companies exceptionally qualified to determine the relative values of different 


boiler designs. 


The design feature described and illustrated on the opposite 
page causes the discharge from the most active steam producing 
surface to be divided equally between two drums, with the result 
that both the steam liberating surface and the area available for 


moisture separation are virtually doubled. 


This in turn results in 


reduced turbulence and steam velocity and a nearly constant water 


level in both drums at all ratings. 


By virtue of this exclusive design feature, the Design VA Boiler 
has established new performance standards for boilers of its class 
with respect to rapidity of sleaming, capacity per sq ft of heating 
surface and quality of steam, especially at high rates of evapora- 
tion. . . . Combustion Engineering Company, Inc., 200 Madison 


Avenue, New York. 


j / i] 


——— 
ET 


; 
j 


wa rt fl 





11,060-sq ft Design VA Boiler with C-E side and rear water-walls being installed 
in the Scotia, Cal., plant of the Pacific Lumber Company. 
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BOILER, design V-A 


Six years ago, this advanced design of 4-drum boiler was placed on the market. 


Only marked superiority could account for such a _ record. 











C-E PRODUCTS 


BOILERS 


Sectional Header 

Box Header 

Bent Tube 

Fire Tube 

Electric 

Marine 

(Included in above list are ali types 
known in the field as Heine, Walsh- 
Weidner, Casey-Hedges and Ladd) 


STOKERS 


Multiple-Retort Underfeed 
Single-Retort Underfeed 
Type E 
Type K 
Stoker-Unit 
Traveling Grate 
Coxe 
Chain Grate 
Green Forced Draft 
Green Natural Draft 


PULVERIZED FUEL SYSTEMS 
(for boilers and industrial furnaces) 


Storage 

Direct Fired 

(C-E Pulverized Fuel Systems, formerly 
known as Lopulco, include Raymond Pul- 
verizers) 


FURNACES 


Dry — 
Slagg 
Ww sa ~ Walls and Screens 


COMPLETE UNITS 


Units of standardized overall design 
Coordinated designs comprising any 
combination of boiler and firing equip- 
ment 


ALLIED EQUIPMENT 


Air Heaters 
(Regenerative, Plate and Tubular) 
Economizers 
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USER GETS 


$3,396 DIVIDENDS 
IN 11 MONTHS 


*Name on request 


6234 West 66th Place 
8 


ROSPECTING for a “gold mine” the Nalco way has a lot 

of advantages. Instead of climbing mountains and swinging 
a pick, you merely telephone or write Nalco headquarters and 
operations begin. With no cost or labor on your part, Nalco 
engineers make the survey and present you with a report show- 
ing just what dividends can be secured. 

This was the procedure followed recently by the operator of 
an 800 h. p. mid-western boiler plant* and the net dividends 
amounted to $3,396 in the first 11 months. And it is signifi- 
cant to note that this saving was not a case of correcting any 
abnormal or unusual condition, rather, it was merely the 
normal result to be expected with efficient, effective water treat- 
ing service: $2,291 less coal burned ... Cost of chemicals (in- 
cluding Nalco Service) reduced $372 ... Boiler cleaning costs 
$733 lower. 

Nalco engineers are experts in finding these cost reducing 
opportunities. Ask them to make a survey in your plant. There 
is no obligation. 


NATIONAL ALUMINATE CORPORATION 


Chicago, Illinois 
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EDITORIAL 





Operating Procedure 


When hand firing was general there were a few pre- 
scribed rules, modified to suit the kind of coal, which the 
fireman was taught would secure the best results. Be- 
yond this his skill was largely a matter of experience and 
ability to make the most of his powers of observation. 

The introduction of mechanical firing did not dispense 
with the need for observation and the ability to reason, 
but instead of a few set rules for firing it became necessary 
for the fireman to learn the operating procedure for the 
particular type and design of fuel-burning equipment, 
modified, in turn, by the fuel used. 

When a stoker or pulverized coal equipment is in- 
stalled the fireman is usually instructed by the manufac- 
turer’s representative in how best to obtain the desired 
results. But operating personnel changes, instruction 
books have a habit of finding their way into the front 
office for filing and, in some cases, operators lapse into 
indifferent habits or follow their own ideas as to how the 
equipment should be run. When the performance falls 
off it is but natural to blame the equipment. Sometimes 
this leads to a checking of the operating procedure by the 
manufacturer’s representative, but more often the matter 
is not brought to his attention and the equipment con- 
tinues to bear the onus. This is often the ease when a 
change is made to coal having different characteristics 
from that originally burned. 

In this connection it would be well to bear in mind that 
the manufacturer’s service engineer usually has experi- 
ence accumulated from many installations of the particu- 
lar type of equipment, backed by the experience of those 
responsible for its design. This warrants consideration 
before departing from prescribed operating procedure. 
Moreover, if the prescribed procedure is followed and 
performance is not satisfactory the blame attaches to 
the equipment or to the engineer responsible for its 
selection, but if this procedure is not followed the respon- 
sibility for poor performance rests with the operator. 


Dust Treated Coal 


Bituminous coal, principally from the southern fields, 
is now being offered on the market after having been dust 
treated with either calcium chloride or oil. Generally, 
the coal is sprayed at the mine, although in some cases 
this is done at the yard as the coal comes off the belt 
conveyor. Both light and heavy oils have been employed 
and in either case a relatively small amount is used per 
ton of coal. This is sprayed in a fine mist which produces 
a very thin film over the surface of the coal particles. 
The treatment is especially applicable to slack. 

Although this treated coal has been on the market for 
some time there appears to be confusion in the minds of 
some power engineers as to its purpose and scope. 
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In the first place, it should not be confused with col- 
loidal fuel which is a mixture of oil and pulverized coal held 
in suspension. This offers some advantage as a marine 
or naval fuel, dependent upon a satisfactory fixative to 
provide stability to the mixture. Colloidal fuel was 
proposed and investigated in this country during the 
World War and it is again being experimented with in 
England. 

Dust treated coal, on the other hand, is distinctly 
what its name implies—it keeps down the dust in han- 
dling by conglomerating the fine particles and more or less 
coating the larger pieces. The quantity of oil is obviously 
too small to have an appreciable effect on the heating 
value or on the burning characteristics of the coal when 
hand fired or burned on underfeed stokers. In pulverized 
coal firing, however, the aim is to promote diffusion and 
suspension of the coal dust in the primary air stream— 
precisely what the oil in the treated coal is supposed to 
inhibit; hence there may be some question as to the 
effect of this dust treatment, if any, when the coal is to 
be burned in pulverized form. Data based on actual 
performance would be interesting. 

In addition to keeping down the dust it is reasonable 
to assume that the oil would tend to protect the coal 
from moisture and oxidation and thus lessen the chance 
of heating in storage. 

Many of the smaller plants are said to be using this 
treated coal, especially in cities where coal dust is objec- 
tionable, and one of the large utility plants is contem- 
plating giving it a trial on underfeed stokers. In that 
case more factual information may be available. 


The Story of Conners Creek 


There appears in this issue the first of a series of six 
consecutive articles relating, in detail, the rebuilding of 
the Conners Creek Power Plant of the Detroit Edison 
Company. Several relatively short descriptions of this 
work have already appeared in the technical press, but 
it was the desire of CoMBUSTION to present the complete 
story of this important undertaking. Descriptions are 
often interesting and have a reference or statistical value, 
but it was felt that to be of maximum value to the de- 
signing engineer the descriptive material should be ac- 
companied by a discussion of the economics involved and 
the engineering thinking that preceded the various de- 
cisions. To this end the Detroit Edison Company 
cooperated heartily by assigning one of its engineers, 
Sabin Crocker, to prepare the material. Not only is 
Mr. Crocker well-known as an author of many technical 
papers but he has been closely associated with this 
rebuilding program since its inception and is therefore 
well qualified to write authoritatively on all phases of the 
work. 





Conners Creek Power Plant, with its seven tall stacks, alumi- 

num painted and floodlighted at night, has become a land- 

mark for Detroiters as it is in plain sight from Belle Isle and 
much of the eastern part of the city. 
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Modernizing the 





CONNERS CREEK 
POWER PLANT 


This is the first of a series of articles re- 
lating in detail the rebuilding program at 
Conners Creek and discussing the various 
economic and engineering problems in- 
volved. The present article sets forth the 
disadvantages under which the twenty- 
year-old equipment labored and compares 
the new design features with the old, item 
by item. The discussion is confined 
largely to the first step in the rebuilding 
program, which embraces replacing the 
original three 20,000-kw turbine-generators 
with three 30,000-kw units and four of the 
old boilers with new boilers for 600-lb steam 
pressure at 850F. Subsequent steps which 
will involve replacing the old 45,000-kw 
units with new 60,000-kw turbine-genera- 
tors and the addition of more 60,000-kw 
units at the north end of the plant, are 
touched upon. 


HE first section of the original Conners Creek 
Power House of The Detroit Edison Company 
went on the line April 26, 1915 as a plant of four 

boilers and two 20,000-kw turbine-generators operating 
at 220-lb steam pressure and 600 F total temperature. 
The power house as then projected was to consist 
ultimately of six 20,000-kw units served by twelve boilers, 
but subsequent developments in load growth and turbine 
design, coupled with the sudden expansion of war times, 
led to a change in plans. The original plant as actually 
completed consisted of three 20,000-kw, two 45,000-kw 
and one 30,000-kw turbine-generators served by fourteen 
boilers. The total installed capacity thus became 180,000 
kw rather than 120,000 kw and the ‘‘firm’” capacity of 
the Conners Creek load area, after deducting for running 
and standing reserve and crediting tie-line capacity from 
other plants, was reckoned at about 150,000 kw. 
While the original plant was accorded some attention 
in its time as a well conceived project, ensuing years 
brought great advances in plant design through more 
efficient steam cycles and improved equipment. Con- 


sequently, as the 1930’s rolled around, old Conners 
Creek did not compare so well with the Company’s more 
recent plants or with modern practice elsewhere. 


The 


COMBUSTION—November 1935 


By SABIN CROCKER 
Engineer, The Detroit Edison Company 


shortcomings consisted not only in a relatively high fuel 
consumption, but in an unfavorable comparison as to 
labor costs, ease in operation and the like. Neither were 
the old turbines, due to their antiquated design and lack 
of turning engines, so rugged and reliable as modern units 
nor as suitable for quick starting. Asa result, they were 
ill fitted for peak-load operation to which service, as the 
least efficient units of the system, they should logically be 
relegated. 

Furthermore, the same foundations, building space, 
condensers and auxiliaries, circulating-water canals, 
coal-handling equipment, stacks and the like could be 
salvaged and utilized to accommodate almost double the 
capacity in modern equipment with only slight altera- 
tions. The erection of a new and larger switching station 
separate from the old power house was imperative, a 
step which seemed called for anyway on account of the 
need for a different type of switch gear better adapted to 
the magnitude of electrical faults now possible in the 
transmission and distribution system remote from the 
plant itself. The plant as it now appears with the sepa- 
rate switching station known as Essex is shown in the 
photograph, Fig. 1. Essex switch house is the five-story 
building to the left and somewhat behind the power 
house. 

Without attempting to draw a fine distinction between 
whether replacement was dictated by physical deprecia- 
tion or by obsolescence through advancement in the art, 
the best business judgment of the management was for 
rebuilding now while load conditions permit having part 
of the equipment at a time out of service. In 1929 the 
Conners Creek area load reached 157,000 kw which ex- 
ceeded the firm-capacity rating of the old station, as 
already defined. The plant serves a district on the east 
side of Detroit in which is concentrated much industrial 
load. Past experience, particularly that following the 
World War, has demonstrated that load recovery comes 
faster in this area than in the others, and that after a 
depression the comeback may be with startling sudden- 
ness. The Company’s responsibility in serving its custo- 
mers dictates that such a comeback be anticipated and 
provided for in advance. 

In studying present and future possibilities for the 
Conners Creek site three proposals were considered: 
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1. Retain the old plant undisturbed for peak-load service and 
build a new plant alongside. 

2. Superpose high-pressure equipment on the old. 

3. Rebuild and extend the present plant. 


The inherent advantages of the third scheme for the 
particular circumstances existing at Conners Creek are 
discussed in detail in this series of articles. Decision to 
rebuild and extend plant capacity to the limit of the ex- 
isting boiler house, coal-handling equipment and canals 
will in no way interfere with the possibility of building a 
second power house adjacent to the present power plant 
if and when load growth warrants. Meanwhile the Com- 
pany will benefit from the use of an efficient rebuilt plant 
which is simple to operate, well equipped with elevators 
and other conveniences, and better suited to the Detroit 
Edison system of plant load areas. 


BUILDING STRUCTURE 


The final building structure of the old plant is shown 
in plan and sectional elevation in Figs. 2a and 3a. The 
plant is built on a site which in its natural state was a 
half-submerged marsh at the junction of Conners Creek 
and the Detroit River near the outflow of Lake St. Clair. 
Consequently, elaborate foundation work was required 
in the way of thousands of timber piles supporting a 
heavy concrete mat. This foundation has served its 
purpose admirably with only moderate settlements, and 
the ability to re-use both the foundation and super- 
structure is a major contribution to the rebuilding pro- 
gram. The layout as altered in rebuilding and shown in 
Figs. 2b and 30 is described in some detail below. 


Boiler House 


Recent advance incentral-station design isexemplified in 
the much greater boiler capacity now obtainable within 
a given building space. Each of the fourteen old boilers 
was capable of continuously carrying 10,000 kw main- 
unit load plus auxiliaries with a possible output for short 
periods approaching 13,000 kw, thus matching very well 
both the firm capacity and maximum rating of the 
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Fig. 1—Aerial view of Conners Creek Power Plant and Essex Switching Station 





turbine-generator plant. Each of the new boilers going 
within the same building columns will be able to carry in 
excess of 30,000-kw main-unit load plus auxiliaries, giving 
a possible installed main-unit capacity of 390,000 kw if 
all fourteen boiler positions are used. While beyond the 
limitations of the old turbine house, this possible boiler 
capacity could be utilized to advantage by making a 
further addition to the turbine house at relatively small 
expense, which does not involve a corresponding outlay 
for water screens or canals. 

Several factors contribute toward this spectacular in- 
crease to about three times the original boiler capacity 
within the given space, among which are: 


1. The plant water rate has been decreased about 28 per cent 
while the heat added in the boiler room per pound of steam gener- 
ated, despite the greater heat content per pound leaving the boiler, 
has been decreased about 5 per cent through the regenerative feed- 
heating cycle. 

2. The economizers now installed above the boiler proper im- 
part to the feedwater about 7 per cent of the heat added in the 
boiler room. 

3. The provision of water walls has made possible a higher fur- 
nace temperature and a correspondingly greater rate of heat libera- 
tion per cubic foot of volume. 

4. Metered combustion air control coupled with improved 
stoker design has made possible sustaining for long periods a 
much higher rate of combustion per square foot of grate area. 

5. The addition of an air preheater has contributed toward 
carrying higher ratings, although its primary purpose is to obtain 
increased efficiency rather than greater capacity. 

6. The development of a “‘compensating” superheater has made 
possible forcing the boiler to high ratings without an excessive rise 
in superheat. 


In order to accommodate air preheaters as well as 
economizers and induced-draft fans in the new plant it 
became necessary to build a fan room on what was the 
roof of the old boiler house, as shown in Fig. 3b. The 
new brickwork also shows distinctly in Fig. 1. While 
space had fortunately been provided above the old boilers 
for economizers with their induced-draft fans, these were 
never installed and, at the time the plant was built, air 
preheaters were unthought of except possibly for some 
installations on shipboard. The forced-draft fans of the 
old plant were located in a fan gallery just below the 
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Fig. 2a—Plan of main 
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boiler operating floor, but with the advent of preheaters occupying the space intended as an additional north 
had to be replaced with new and larger fans located for bay of the boiler house. This completed the old plant. 


convenience in the upper regions of the boiler house. The installation of this 30,000-kw unit largely reflected 
bi a lack of confidence in the materials of the 45,000-kw 
Turbine House Unit 4 which had been produced during the War. The 


The plan of the old turbine room as shown in Fig. 2a original casing and head end of the No. 4 turbine were 
requires some explanation. The arrangement of the ‘“‘semi-steel’’ (cast iron containing some steel scrap) in- 
three 20,000-kw units and their auxiliaries is that origi- stead of the cast steel which would normally have been 
nally contemplated for the whole plant. Due to rapid used for superheated steam parts. The casing actually 
load growth in turbine-generator size the next two units failed in service on July 16, 1920 before either the 30,000- 
were stepped up to 45,000 kw, taking up the remaining kw unit or the second 45,000-kw unit were available for 
space in the main turbine room. In the boom period use. This failure, following one day after the third 20,000- 
immediately following the War, still more capacity was kw unit had stripped its buckets, resulted in an awkward 
required in the Conners Creek load area and a 30,000-kw power shortage extending through several months while 
turbine-generator known as old Unit 8 was installed dur- repairs and additions were being effected. 
ing 1920jin a separate, but connecting, turbine room The original pumping arrangements and auxiliary 
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system were such as to require considerable space on the 
turbine-room floor. The auxiliary bay was crowded with 
boiler-feed pumps and house alternators, while the space 
between main units was taken up with exciters, motor- 
generator sets and more house alternators. The length 
of tubes used in the 45,000-kw condensers led to rather 
wide spacing between the 45’s and between them and the 
adjacent 20, and this in turn fixed the placing of the pres- 
ent new units, to be known as Nos. 8 to 12 inclusive, to 
match the existing foundations and condensers. The 
closer spacing of the proposed 60,000-kw Units 13 and 
14 in the turbine-house addition is made possible through 
the use of condenser tubes only 18 ft long instead of the 
24-ft tubes used with the old 45,000-kw units. 

The old 30,000-kw turbine-generator, No. 8, installed 
as an emergency measure after the War never was a very 
satisfactory unit to operate because its isolated position 
required additional attendance and involved an excessive 
pressure drop in the steam line. Hence, it was the first 
unit to be shut down during the depression, and no tears 
were shed when it was dismantled to provide a generator 
for the new high-pressure Unit 8. Its condenser and auxili- 
aries will be utilized in a new location for an additional 
60,000-kw unit, and the separate turbine room, formerly 
housing the old 30,000-kw unit, will eventually become 
an auxiliary alcove for part of the new dc house-service 
units, with some space available for storage of spare 
parts. 

In comparing the sectional elevations of the new and 
old turbine rooms it is apparent that only superficial 
changes were made in the building structure by way of 
removing the old roof monitors with their air ducts and 
exhauster fans. These were no longer required due to 
the relatively low moisture content of the atmosphere 
in the turbine room effected through an improved design 
of shaft packing installed some time ago on the old main 
units. The air-washer house at the north end of the 
old turbine house originally sheltered four large fans with 
vento-heaters and air washers, all of which were provided 
to supply conditioned air to the turbine-room basement 
from whence it was drawn through the generators for cool- 
ing purposes and discharged either into the turbine room 
or pipe gallery, eventually finding its way into the boiler 
house and the stoker blowers. This system was dis- 
placed several years ago through the installation of 
generator air coolers on the main units. One of the old 
fans was saved, however, and moved over with sufficient 
vento-heaters into the north end of the switch house 
basement where it still serves for year-round ventilation 
of the whole condenser room. The air-washer house it- 
self was torn down. 

The ability to continue using the old turbine-room 
crane and extend its travel to the addition at the north 
end was something of an advantage in itself. Fortunately 
none of the new turbine or generator parts weighs in ex- 
cess of the crane’s capacity, and its relatively infrequent 
use is conducive to long life. 


Screen Houses and Canals 


In extending the turbine house to the north to accom- 
modate 60,000-kw Units 13 and 14 it was necessary to 
continue the mat and canal work under these units. This 
involved some alterations and additions to connect with 
the existing canals and to handle the increased water 
quantities. The main screen house of the old plant is 
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located at its south end, while a smaller screen house 
which originally served old Unit 8 is located at the north 
end. Both screen houses will be utilized in the rebuild- 
ing scheme to supply circulating water from both ends 
of the plant into a common intake tunnel extending from 
north to south below the condenser room. The only 
changes contemplated are to cut a few holes through 
some concrete bulkheads underneath the plant so as to 
increase the canal cross-section at the points of maximum 
flow. Tests on canal models indicate that this additional 
flow area should afford sufficient head at the screens 
for passing the increased water quantity required to 
serve a total rebuilt-plant capacity of 330,000 to 390,000 
kw. 

The ability to carry double the plant capacity with 
only minor alterations in the water supply system is an 
outgrowth of the following developments which have 
taken place since the old plant was built. 


1. The throttle steam rate is about 17 per cent lower for the 
new steam conditions. 

2. The change from the Rankine cycle to the regenerative feed- 
heating cycle has transferred about 25 per cent of the main-con- 
denser load to the feed heaters. 

3. Rearrangement of tube spacing in the condensers has made it 
possible to carry maximum load at the same back pressure with 
about 10 per cent less water. 

4. Chlorinating of the circulating water inaugurated in 1930 
keeps the condenser tubes cleaner and is credited with maintaining 
a lower back pressure plus a reduction of about 10 per cent under 
the amount of water required for foul-tube conditions. 


Items 1 to 3 inclusive are discussed in detail in subse- 
quent sections of this article. 


Switch House 


As previously mentioned the old switch house, origi- 
nally called the “head house,” was already inadequate 
to hold the switch gear, transformers, regulators, etc., 
required to keep pace with the system-load growth and 
afford sufficient protection against the heavy current 
faults now possible. The interrupting capacity of the 
switches was less than the possible short-circuits, while 


sufficient segregation of equipment was impossible, and 


the cable vault was crowded and inaccessible. In general, 
since the electrical standards of this important station 
were considerably below modern requirements and below 
those of the rest of the Company’s system, they con- 
stituted something of a hazard with continued operation 
of the old equipment. Since any increase in capacity on 
the Conners Creek site would immediately demand a 
revamping of the entire switching equipment, it was 
decided to proceed some time in advance with the con- 
struction of Essex Switching Station and let it serve the 
old generators pending rehabilitation and expansion of 
the power plant. Carrying out this intention Essex was 
placed in service in 1932, some two years in advance of 
the first rebuilt generating unit. 

Essex as it now stands is built to accommodate 68 
feeder positions, which should be adequate for a plant of 
at least 270,000 kw. When an aggregate of more gener- 
ating capacity is installed, an extension can be made to 
the right end of the station if and as required. The 
transformers, regulators, switches, etc., are in the large 
main building, while the smaller house in front contains 
the control panel and operator’s quarters. The outstand- 
ing features of electrical design may be summed up as 
follows: 
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Fig. 3a—Typical cross-section, old plant 


Fig. 3b—Typical cross-section, rebuilt plant 
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1. The interrupting duty of the circuit-breakers was kept 
within present-day ratings through a scheme of connections which 
provides fault-current limitation without handicapping power 
interchange between the Conners Creek Plant and the system as a 
whole. 

2. Possible damage from explosions and ensuing oil fires was 
kept to a minimum by the use of H-breakers and oilless deion 
breakers, air-cooled reactors, and air insulated busses and by iso- 
lating groups of breakers in separate rooms. Where oil-filled 
equipment was used the oil content was kept to a minimum. 

38. The clearing of all faults, including those directly on the 
bus, is made rapid and positive by inclosing all electrical equip- 
ment in isolated metal housings, and by the associated bus-fault 
relaying. 

4. Fault currents for line-to-ground faults on the bus are kept to 
a predetermined, adequate path and not allowed to roam at will 
throughout the building. Two or three previous disagreeable 
experiences had shown that fault currents in the reinforcing rods 
could do considerable damage to the concrete at most unexpected 
places. Bus current faults are confined through the use of isolated 
metal housings and a low-impedance ground network of copper and 
building steel. 

5. The electrical installation is divorced in so far as is possible 
from the building construction through the use of metal hous- 
ings and armored control cable run in racks or chases instead of 
inside ducts buried in the concrete building structure. In this way 
the building was first erected like a warehouse into which the elec- 
trical equipment was later introduced. 


The electrical features of Essex Switching Station were 
discussed in detail in a paper presented at the A.I.E.E. 
Winter Convention in January 1934.! 


PRIME MOVERS AND FIRM CAPACITY 


In discussing prime movers, firm capacity and system 
ties an account of how the individual turbine-generator 
capacity was established should be of interest in bringing 
out the inter-relation of economics and engineering in 
the rebuilding project. For a plant ranging in ultimate 
size from 300,000 to 400,000 kw it would seem that 
turbine-generator capacities might lie between 50,000 
and 90,000 kw. The choice was influenced in this case, 
however, by the ability to re-use certain equipment if 
the unit capacity were held down to suit. Another factor 
of prime importance was the effect of unit size on the 
firm-capacity rating of the station and the system. These 
considerations are discussed in some detail. 

Among the major pieces of old equipment in first- 
class condition and available for re-use in the rebuilding 
project were two 30,000-kw 1800-rpm generators, one 
salvaged from the unit installed in an additional bay at 
the north end of the Conners Creek boiler house, and the 
other coming from a similar unit removed in dismantling 
old Delray Power House No. 2. The ability to place 
these generators with new 30,000-kw turbines on the cen- 
terlines of two of the old 20,000-kw, 1200-rpm units and 
thus re-use the condensers and auxiliaries practically 
undisturbed was a profitable item in the first step of 
the rebuilding project. The increase in speed from 1200 
to 1800 rpm was an important factor in getting 50 per 
cent larger equipment in the same space, while adoption 
of the regenerative-feed-heating cycle with higher steam 
pressure and temperature coupled with improved tube- 
sheet layout were responsible for the increased turbine- 
generator capacity which could be served by the old 
condensers. Having replaced the first two of the old 
20,000-kw units with 30,000-kw units, the next logical 
move was to buy one new similar 30,000-kw turbine- 
generator for replacing the third and last small unit. The 
first of the rebuilt 30,000-kw turbine-generators, No. 8, 
is viewed in Fig. 4 from the high-pressure end. 





1 See “Switching at the Conners Creek Plant,’”’ by A. P. Fugill, Electrical 


Engineering, January 1934, pp. 162-168. 
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Once thought out, this first step of the rebuilding proj- 
ect was predestined for execution. The best course to 
follow in succeeding phases was not so obvious. Several 
schemes were studied in connection with the old 45,000- 
kw units such as: (a) complete replacement of turbine- 
generators and auxiliaries with larger units of 60,000- to 
90,000-kw capacity; (b) superimposing 15,000-kw high- 
pressure units exhausting to the old units as they stood; 
(c) buying new 60,000-kw turbine-generators to place on 
the old center lines, thus making it possible to re-use the 
old 45,000-kw condensers with their auxiliaries, practi- 
cally undisturbed. The last scheme was found the most 
attractive from an all-round viewpoint since it got the 
most out of the old equipment without having to con- 
tinue using obsolete turbines or resort to the awkward 
heat balance produced in this case by superimposing high- 
pressure elements. A single-barrel turbine was found 
more suitable than a multi-barrel unit of either the tan- 
dem or cross-compound varieties, from considerations 
both of cost and the ability to fit into the available space. 

Since in the second step 60,000 kw was about the size 
limit for re-using the orientation and centering of the 
45,000-kw units, the adoption of this scheme had a pro- 
nounced influence on unit capacity in the third phase of 
the rebuilding project which involved placing entirely 
new units in an addition at the north end of the old tur- 
bine house. Other factors being equal the preference 
naturally is in favor of having as many units identical as 
is possible. 


Firm Capacity Influences Turbine-Generator Size 


Considerations of firm capacity also had a marked in- 
fluence on the economical choice of size for the new 
units. Company policy has established rules defining 
system and load-area firm capacity which take into ac- 
count the possibility of outages in conjunction with relief 
from system ties and interconnections. The fact that 
turbine-generator output depends upon the availability 
of boilers and their capacity to produce the required 
amount of steam must also be considered. While it is 
normally expected to have sufficient boiler capacity to 
carry nameplate load on all turbines in the plant, this 
may be discounted somewhat where system-load condi- 
tions permit. The combination of these factors in reckon- 
ing firm capacity for the system and for the Conners 
Creek load area is shown in Tables I and II, respectively. 
While generator overload capacity is available for ex- 
treme emergency in some instances, no credit is taken for 
this in computing nominal firm capacity since ability to 
use it depends upon several uncontrollable variables such 
as additional margin of boiler capacity, low-temperature 
of circulating water, etc. 


Definition of Firm Capacity 


The basis for reckoning nominal firm capacity of the 
system for design purposes is intended to balance the 
need for continuity of service against the likelihood of 
simultaneous outages of units during periods of high 
system load, taking into account probable reliability of 
equipment as gathered from previous operating expe- 
rience. Obviously, consideration of the capital charges 
incurred for spare units will tend to discourage extrava- 
gant assumptions as to outages. The Company’s practice 
is to define system firm capacity as the sum of the rated 
generator output at all plants, modified if necessary by 
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boiler capacity, plus aid from other sources, less the rated 
output of the two largest units on the system. Aggregate 
generator capacity is designed to keep firm capacity as 
nearly as feasible just above maximum system load. 

This aspect of firm capacity has its practical applica- 
tion in the following manner. The period of maximum 
load is considered as extending through the season of 
short daylight hours, from about October to March, 
during which relatively large ligliting and power loads 
overlap in the early morning and late afternoon. Some 
shifting of this peak-load season takes place, of course, 
due to unusual spurts of industrial activity coming during 
other months. The coincidence of low solar illumination 
due to severe storm conditions with an hour of unusually 
high industrial activity is apt to result in a peakload either 
in summer or winter. Before the period of high loads, 
which past records indicate are more apt to occur during 
autumn and winter, all pre-scheduled and routine repairs 
are completed. Although every unit is then considered 
to be in good condition, account is taken of the possibility 
of unexpected repairs preventing, as a severe assumption, 
running of the largest unit, plus a further emergency out- 
age of the next largest machine during the critical period. 
Power aid up to 25,000 kw also is available by pre- 
arrangement over tie lines from neighboring systems, 
industrial interconnections and hydro stations. The 
general system diagram of Fig. 5 shows the relation of 
Conners Creek to the rest of the system, the installed 
generator capacity at each of the four steam generating 
plants, and the interconnection between them. 

Table I illustrates the system firm capacity as just out- 
lined for two alternative asumptions. As the proposed 
60,000-kw, or the 90,000-kw units considered at one time, 
would be the largest connected to the system, two of these 
machines are indicated as being on emergency outage. 
This is an extreme condition and possibly not a likely one, 
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Fig. 4—No. 8 30,000-kw turbine-generator viewed from high-pressure end 





but being so chosen, it covers all other combinations of 
units such as a 30,000-kw and a 50,000-kw, and so on. 
Paradoxically, if the Company’s firm capacity rule is 
followed, the change from moderate size units to a con- 
siderably larger size does not bring about a corresponding 
increase in firm capacity, since the addition of two new 
units of greater capacity than any previously installed 
will add firm capacity equal only to that of the two pre- 
vious large units. 

A general rule for running reserve covering all-year 
operation is derived from and is complementary to the 
definition of system firm capacity. It is the intention to 
have sufficient units running on the system at all times 
so that the load can still be carried with assistance from 
outside sources if the largest unit should trip out. Sus- 
tained outside assistance of from 10,000 to 25,000 kw 
from interconnections is arranged for in the event of 
emergency but is seldom utilized. 

The power-plant-load-area firm capacity can be com- 
prehended by visualizing a load area as a small separate 
system subject to the same criterion as the major system. 
Each power plant with the aid of tie-lines must be capable 
of supplying its load area. Load-area firm capacity then 
is the sum of the generator ratings, subject to boiler- 
output limitations, less the capacity of the two largest 
units, plus tie-line aid from the system. Table II illus- 
trates this with the Conners Creek plant as an example 
having 30,000-kw units plus either 60,000-kw or 90,000- 
kw units. Note the assumption that two generators 
may be shut down in any given plant does not contem- 
plate that a similar condition will exist simultaneously in 
any other plant. 

These considerations influenced the decision on gener- 
ator capacity at Conners Creek. Having arrived at a 
satisfactory program for the first step in rehabilitation by 
rebuilding the 30,000-kw units, the management com- 
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Fig. 5—Diagram of Detroit Edison electrical system 


pared the installation of either 60,000- or 90,000-kw 
units. Among several reasons for favoring the 60,000-kw 
units was the consideration of system and load-area firm 
capacity. As shown in Tables I and II, the use of 90,000- 
kw units produces 30,000 kw less of firm capacity (accord- 


System Flexible for Area and Base Loading 


For many years it had been the practice to make each 
power plant carry its share of the load at all hours of the 
day. Ties were installed to provide relief from the system 
in case of emergency, but under normal operation power 
was not transferred to any great extent between load 
areas. Reduced loads during the depression, however, 
suggested the possibility of using tie lines for considerable 
transfer of power between plant areas, thus effecting sub- 
stantial fuel saving. After extensive studies of plant heat 
rates and transmission losses, economies were effected, 
starting in May 1933 by a three-fold change in program 
consisting of carrying a minimum base load or more 
strictly a block load on the least efficient stoker-fired 
plant (old Conners Creek), giving large block loads to 
the more efficient stoker-fired plants (Delray and Marys- 
ville), and taking load swings on the more flexible pul- 
verized-coal plant (Trenton Channel). Because of the 
ties already installed, an economical loading schedule 
could be followed without an attendant addition of new 
tie lines. Not long after block-loading was put into effect, 
some desirable changes in the layout of the Delray- 
Conners Creek tie cables were made, and two additional 
cables, made up of salvage and stock lengths, were laid. 
While not altogether necessary at the time, these cables 
are good insurance for continuity of service while certain 
units are unavailable during the rebuilding project. Tie- 
line cable entering Essex Station permit an exchange of 
power up to 70,000 kw. A partial view is shown in Fig. 6 
of the control room of Essex which is the control and 
switching station for the Conners Creek generating plant 


TABLE I 
Showing Effect of Unit Size on 
FIRM CAPACITY OF SYSTEM 
in Megawatts 


Three 30,000-Kw and Four 60,000-Kw 
Units at Conners Creek 


Three 30,000-Kw and Three 90,000-Kw 
Units at Conners Creek 


Output Avail- Output 
Installed Firm able for Installed Firm Available 
Generator Boiler System Firm Generator Boiler _for System 
Power Plant Capacity Capacity Capacity Capacity Capacity Firm Capacity 
Trenton Channel 300 300 300 300 300 300 
Delray No. 3 160 153 153 160 153 153 
Marysville 160 165 160 160 165 160 
Conners Creek 330 330 210 360 363 180 
Other Sources 25 25 
System Total 950 980 
System Firm Capacity 848 818 
NOTE: All units on system available except two largest turbine-generators on emergency outage. 


ing to the definition) despite 30,000 kw more of name- 
plate rating. This is due to the fact that in the Detroit 
Edison system, where the largest units have been 50,000 
kw, the addition of the first two 90,000-kw or the first 
two 60,000-kw units would establish an increase of only 
100 kw of system firm capacity. With the addition of 
four 60,000-kw units, however, the increase in firm 
capacity would be 50 + 50 + 60 + 60 = 220 mw, or 
0.917 kw of firm capacity per kilowatt of installed system 
capacity. With three 90,000-kw units, the increase would 
be 50 + 50 + 90 = 100 mw or a ratio of only 0.704. 
The impracticability of duplicating turbines already 
installed at other plants due to the higher pressure and 
temperature to be used, the possibility of re-using old 
auxiliary equipment, considerations of load growth and 
firm capacity and the approximately equal cost of either 
size of new equipment per installed kilowatt all indicated 
the most economical addition to plant capacity to be by 
single-barreled 60,000-kw turbine-generators. 
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and tie-line interconnections. The Conners Creek area is 
thus adequately safeguarded for an emergency either in 
the event of a return to area loading, or with block load- 
ing as at present. 





Fig. 6—Control room, Essex Stade Station 


November 1985—COMBUSTION 





st tbe 24, aklhlCUk lCUelCOU | 














- 


Fig. 7—Rotor of No. 8 30,000-kw turbine 


The New Turbines 


The turbine room of the rebuilt plant together with 
the turbine-room extension, as already described, will 
house three 30,000-kw and four or five 60,000-kw main 
units. As a detailed discussion of the heat cycle of these 
units will be given under “Heat Balance” in a later 
section, this description is confined to considerations of 
turbine construction and material. 

The turbine rotor of the 30,000-kw machines, illustrated 
in Fig. 7 consists of one two-row Curtis wheel and seven- 


and accordingly higher efficiency. Use of the turning 
motor almost entirely eliminates the uncertainty of being 
able to bring a machine up to speed without rubbing off 
the packing, and this in turn reduces the time required 
to put a machine on the line. 

Before proceeding to a general description of the new 
units mention should be made of the parts salvaged from 
the old 20’s and 30’s and re-used on the new Nos. 8, 9 
and 10 units of 30,000 kw. All three new units include the 
exhaust hoodsof the old 20’s; other salvaged parts from the 
two old 30’s were available for new units 8and9. These 
included the operating and emergency governor, the 
turbine base, the oil tank and oil pumps, the turbine 
middle bearing and oil deflectors, the coupling and the 
generator. No salvaged parts were used for the new 60’s 
aside from the condensers and their auxiliaries. 

Built within the last two or three years for the same 
steam conditions there is naturally great similarity in the 
materials and construction of the 30,000-kw and 60,000- 
kw turbines. Substantial differences exist only in the 
extent to which each material is used to suit changes in 
temperature range incidental to 14- versus 18-stage ex- 
pansion through the turbines. Each unit is of the partial- 
admission type with eight control valves admitting steam 
to the first-stage nozzles. In the 30’s all valves are 
located on the top, but for the 60’s only four valves are 
located in the top of the high-pressure casing, the other 
four being in the bottom. This latter arrangement is 


TABLE II 


Showing Effect of Unit Size on 
FIRM CAPACITY OF A LOAD AREA 
in Megawatts 


Firm Installed Two Available Tie 
No. of Units Installed Boiler Generator Largest Plant Line Firm 
Thirties Sixties Nineties Capacity Capacity Units Output Aid Capacity 
3 + 330 330 120 210 70 280 
3 3 363 360 180 180 70 250 


teen single-row Rateau-type wheels. Steam for feedwater 
heating is bled at four stages, the 4th, Sth, 11th and 14th. 
The 60,000-kw turbine rotor consists of one double-row 
Curtis wheel and thirteen single-row Rateau-type wheels. 
Steam is extracted at three points for feedwater heating 
the 4th, 8th and 11th stages. Unlike the old units in 
which the number of stages increased with capacity of 
the turbine-generator, the new large unit actually has 
less stages than the smaller unit. Economic studies of 
alternate proposals for 17- or 14-stage 60,000-kw turbines 
based upon an annual plant factor of about 45 per cent 
(a conservative figure derived from Trenton Channel 
records) indicated that the annual heat saving by the 
\7-stage unit was insufficient to amortize the increased 
investment for the three extra stages. Further studies 
indicated a similar situation in the case of three versus 
four stages of feedwater heating, which will be discussed 
fully in the ‘‘Heat-Balance”’ section. 

A turning motor, mounted on the middle turbine bear- 
ing of each new unit and geared to the shaft with an 
automatic release, revolves the rotor at 11/2 rpm after the 
unit goes off the line. Asa result the rotor temperature is 
equalized so that the shaft is kept nearly straight at all 
times during the cooling cycle and hence in a better con- 
dition for quickly putting the machine on the line again 
when needed. An attendant result of a straighter shaft 
is decreased rubbing of the high-pressure and diaphragm 
packings, permitting closer clearances with less leakage 
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intended to give very uniform heating of the upper and 
lower halves of the casing, thus minimizing expansion 
stresses. All valves are under control of the operating 
governor. There is no overload valve supplying steam 
at some stage other than the first as was the case in the 
50,000-kw 1200-rpm turbines of the Company’s system. 

The control-valve casing and first-stage-nozzle chest is 
a separate casting of manganese-molybdenum steel in- 
serted into the high-pressure casing of cast carbon steel. 
The throttle-valve body also is a manganese-molybdenum- 
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steel casting. Machine steel is used for the control valve 
disk and seats, while the stems and bushings are Nitralloy. 
The turbine rotor consists of a forged carbon-steel shaft 
with turbine wheels shrunk and keyed in position. 
Different steels, namely, nickel-chrome-molybdenum 
steel, carbon steel and nickel steel, are used for the various 
wheels as steam conditions require. The turbine buckets 
are of a non-corrodible chrome-iron alloy throughout. 
In addition, the last-stage buckets are fitted with Stellite 
protecting strips. The upper stage diaphragms are of steel 
with welded-in nozzles, while cast-iron diaphragms are 
used in the lower stages. The exhaust hood is made of 
cast iron. 

Operation of the 30,000-kw turbine-generators, sucess- 
fully graduated from the usual minor troubles of the 





voltage indicated in Table III has effected reductions in 
the cost of generator leads and the auto-transformer. 
Departure from previous design is witnessed in the intro- 
duction into the closed-circulation air-cooling system of 
four external motor-driven fans, which are estimated 
to be 50 per cent more efficient than the integral fans of 
all previously-installed generators. Three motors are 
direct-connected through transformers to the genera- 
tor; the fourth is supplied from the house service for 
use during starting periods and for periods of high cir- 
culating-water temperature. Each has individual full- 
voltage starting at 230 volts. These separate controls 
allow power savings at part load and with low water 
temperatures. The closed circulation of air is utilized 
for the first time in cooling the overhung totally inclosed 


TABLE III 
COMPARISON OF OLD AND NEW 3-PHASE 60-CYCLE GENERATORS 


Rebuilt Plant 


Reconstructed 


Units 
Unit Number 8 9 
Generator capacity, kw 30,000 30,000 
Power factor 0.80 0.90 
Continuous output, kva 37,500 33,333 
Terminal voltage 12,200 12,200 
Poles 4 4 
Speed, rpm 1800 1800 
Closed air circulation, cfm 60,000 60,000 
Exciter voltage 250 250 
Max field current, amps 575 450 
Gen. efficiency at full load, % 97.3 97.2 


starting-up stage, now includes a high percentage of 
generation at full capacity, and gives every indication 
and expectation of continued satisfaction. 


Generator-Design Improvements 


The design of the generators represents the incorpora- 
tion of many improvements to increase efficiency and 
to reduce temperature in the windings. Before enumerat- 
ing the design features of the new units, some mention 
of the history of the re-used generators will be given. 

Those used for the rebuilt units Nos. 8 and 9 when 
first installed in 1920 as old No. 8 Conners Creek and old 
No. 10 Delray respectively, were equipped with open 
ventilation. After a few years of operation the insulation 
failed, and both generators which had originally the old- 
type coil winding, had in turn to be re-insulated. Be- 
tween the time that old No. 10 was rewound and old 
No. 8 failed, the transposed or bar winding was intro- 
duced and advantage of this was taken to increase the 
efficiency and kva rating of old No. 8 generator. This 
is now new No. 8 as shown in Table III along with data 
on the other generators. While these repairs were being 
effected, air coolers and closed-circulation systems were 
installed. The rotors of each machine were also circum- 
ferentially grooved to provide more effective cooling 
surface. No changes in either generator were necessary 
at the time they became part of the present rebuilt units. 

With the installation of No. 10 unit which partially 
duplicates Nos. 8 and 9, non-magnetic-steel end-rings 
were introduced into the Conners Creek plant. Their 
desirability lies in the minimizing of heating due to in- 
duction losses in the ends of the generator. Solid coupling 
of the turbine and generator shafts has been adopted for 
the first time in the Company’s history for large units 

with four main bearings. 

The generator rotor of No. 13 unit is a three-piece 
nickel-steel forging with axial and radial holes to dis- 
tribute more evenly the air cooling. The frame is of 
built-up steel-plate welded construction with provision 
for multiple-path ventilation. The increased terminal 
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Old Plant 

New Units Old Units 
10 11, 12,13 1,2,3 4,6 8 
30,000 60,000 20,000 45,000 30,000 
0.75 0.75 0.80 0.90 0.80 
40,000 80,000 25,000 50,000 37,500 
12,200 14,400 4,600 12,200 12,200 
4 4 6 6 4 
1800 1800 1200 1200 1800 
70,000 110,000 50,000 85,000 60,000 
250 250 250 250 250 
535 715 465 585 575 
97.4 97.9 96.3 97.1 97.3 


exciter and the field collector-rings. A filter is provided 
to eliminate any dust particles that are produced at the 
carbon brushes. 


Transformer Design Improved 


No story of the Conners Creek generators would be 
complete without mention of the auto-transformers which 
connect the generators with the 24,000-volt bus at Essex. 

By using the old 30,000-kw generators, it was possible 
to re-use the old 37,500-kva auto-transformers, Before 
being put into service, these were thoroughly cleaned 
and the tanks hermetically sealed to withstand a nitrogen 
pressure of 7-lb gage. Nitrogen is supplied above the oil 
level at '/2 to 1 lb through an automatic pressure-reducing 
valve from tanks at 2000 lb. The gas pressure is pre- 
vented from exceeding 3 Ib during loading and unloading 
cycles of the transformer by a non-return pressure-relief 
valve discharging to atmosphere, any loss of gas being 
made up anew from the supply tank. As an additional 
protection each transformer tank has a spring-loaded 
pressure-relief diaphragm. A diagram of the equipment 
is shown in Fig. 8. 

While the absence of oxygen eliminates the tendency 
of the oil to oxidize or sludge the primary purpose is to 
prevent explosions. Both No. 10 40,000-kva and No. 13 
80,000-kva transformers are to be similarly equipped with 
inert gas. The same principle also will be carried out for 
the totally inclosed high-tensions potheads on these two 
units. All transformers, some of which are located in 
existing indoor cubicles, and some outdoors, are water 
cooled with general-service water which also supplies 
fire-fighting equipment. 

An account of the novel features of the new Conners 
Creek stokers with their improved design of combustion 
air control will appear in the December issue. Reasons 
for installing a new set of stokers rather than switching 
to pulverized coal burning are reviewed, and the develop- 
ment steps in perfecting the present metered air control 
are described. 
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Today and 


The previous articles, which appeared in 
the September and October issues, re- 
viewed the handicaps under which district 
heating started, its growth and develop- 
ment, its present status and its general re- 
lation to the electric utility. The present 
article, which concludes the series, looks to 
the future and points out the economies of 
higher pressures and temperatures, both in 
steam generation and in distribution. It 
also shows the savings in peak capacity 
cost, as well as greater thermal efficiency 
attainable, for a utility supplying both 
steam and electricity, where part of the 
electric load is supplied from automatically 
operated back-pressure turbines located at 
strategic points on the steam distribution 
system. 


N the early days gross income received by the utility 
through the sale of electricity was such that, even 
though income from the sale of steam was dispro- 

portionately small, the total from electricity plus steam 
was sufficient to give an attractive return on the combined 
investment. Drastic reduction in electric rates during 
the past twenty-five years, together with a remarkable 
increase in the efficiency of customer use of electricity, 
has resulted in a reduction of the gross income received 
from the sale of electricity and at present the utility that 
furnishes a combined service receives from the average 
customer buying this combined service, more gross in- 
come from the sale of steam than from the sale of elec- 
tricity. 

As has been previously pointed out, much of the steam 
now sold is being furnished to customers in the competi- 
tive class. In meeting the customer’s own costs in this 
competitive field, it behooves the utility to take advantage 
of all the economies of combined production of steam and 
electricity possessed by the customer’s own plant, as 
well as such other advantages which the utility possesses 
due to its combination of the requirements of many cus- 
tomers, large scale production, distribution, etc. Tech- 
nical development in the past ten to fifteen years in 
power-plant equipment and in the field of steam distribu- 
tion has put the utility in a far more favorable position to 
render a combined steam and electric service than was 
the case in the past. It is likewise true that the develop- 
ment of power-plant equipment has put the isolated 
plant supplying electricity and steam for space heating 
and process work, in a far more favorable position 
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By ROGER D. DeWOLF 
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Rochester, N. Y. 


especially to meet competition of the utility that sup- 
plies electricity only. 

It seems to the writer that these developments enable 
the utility to meet more effectively competition from the 
isolated plant, by furnishing a combined service, which 
completely, not partially, replaces the service rendered 
by the latter; to cooperate with a customer in improving 
the efficiency with which he uses both electricity and 
steam; and in the coordination of these demands. 

To provide the necessary facilities to render such a 
combined service more generally available, will require a 
considerable development of steam distributing systems. 
Certain companies started such a development just prior 
to or during the depression period. The writer discussed 
this subject recently with the chief engineer of a company 
which spent several million dollars on its steam business 
between 1930 and 1934. He expressed the opinion that 
under present-day conditions, the steam business offers 
a better field for development, taking into consideration 
its coordinating value with the sale of electricity, than 
does the electric business alone. This same engineer, ten 
years ago, was markedly apathetic to the steam business. 

The principal factors which place the steam business in 
a much more favorable position for development than 
at any time in the past are: 


1. Development of high-pressure boiler plant equipment which 
is cheaper, more efficient and capable of carrying higher sustained 
overloads than corresponding equipment of ten years ago. 

2. Development of new equipment and construction methods 
for higher pressure steam distribution systems. Both electric and 
gas welding have been developed to the point where there is no 
further question as to their reliability. Line losses have been 
greatly reduced; more efficient insulating methods developed; dry 
steam in the line under almost all conditions has practically elimi- 
nated water hammer. 

3. Metering equipment has been improved and cheapened; 
automatic temperature control devices have been perfected to 
markedly reduce the steam consumption; and more efficient heating 
equipment has been introduced. 

4. More study has been given to the coordination of steam and 
electric demands; to the reduction in capital expenditure and 
operating costs by supplying a portion of the electric demand by 
means of non-condensing turbine-generators acting as reducing 
valves to supply low-pressure steam for space heating and process 
work. 


Boiler Plant Equipment 


With the improvement in boilers, furnaces, water 
walls, stokers and powdered fuel-burning equipment 
now available, the cost per 1000 Ib per hr of steam gen- 
erating capacity of a plant designed for 400-lb pressure, 
may be less than that of a plant for 200 Ib. We can, in 
effect, regard 400 to 500-Ib operating pressure as the 
present-day standard. Boilers of this order of pressure 
have been in continuous service now for ten- to fifteen- . 
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year periods. We have learned how to handle them; 
have learned how to cope with the feedwater problems 
and, in general, have found them to be more reliable than 
the lower pressure boilers. The piping, valves and other 
accessories are all smaller, more rugged and less subject to 
outage. 

Improved operating methods have raised operating 
efficiencies and brought them closer to test efficiencies. 
Systematic inspection has reduced maintenance and prac- 
tically eliminated unexpected outages. We have found 
by actual experience that 400-lb equipment is safer to 
operate, cheaper to maintain and more reliable than our 
older 200-lb plants. 

The high steaming capacity of the modern high-pres- 
sure boiler unit, per cubic foot of space occupied, and 
particularly per square foot of floor space, has reduced 
building and real estate costs. Also, its overload capacity 
has reduced the number of standby banked boilers for- 
merly considered necessary. 

Automatic combustion control maintains | efficient 
operation with either stokers or powdered fuel. Monthly 
operating efficiencies averaging from 78 to 86 per cent 
are now attainable under normal conditions, and higher 
efficiencies have been attained in some plants designed 
particularly for high efficiency and operating under 
favorable load conditions. Both stokers and powdered 
fuel equipment are today handling fuels formerly re- 
garded as difficult to burn efficiently. 


Distribution System Equipment 


Modern welding has revolutionized this field in the 
past fifteen years. The elimination of practically all 
gasketed joints has greatly reduced the unaccounted-for 
line losses. Expansion joints of improved types take care 
of the expansion of 150 to 200 ft of pipe, so that manholes 
can be located 300 to 400 ft apart, with anchor points 
between. Creased bends give greater flexibility and can 
be used to advantage in certain cases. Many improve- 
ments have been made in underground construction and 
insulation, particularly for higher pressures and tem- 
peratures. Automatic pressure-reducing valves and de- 
superheating equipment have been improved so that any 
desired pressure and temperature conditions can be 
maintained at any specified point in the distribution 
system. 

With steam lines capable of operation at 400 to 500-Ib 
pressure and temperatures of 500 to 600 F available, the 
pipes required undergo a remarkable reduction in size. 
Where formerly good judgment dictated a maximum 
velocity when transmitting dry, saturated steam (more 
saturated than dry, as a rule), of 6000 ft per min, today 
with moderately superheated steam one can safely figure 
on 12,000 ft and for peak loads, 15,000 to 18,000 ft per 
min. 

With the interior surface of the pipe dry, and with 
superheated steam, the heat loss per square foot per 
degree difference per hour is only about one-half that 
obtaining when moist steam is being transmitted. With 
the square feet of pipe surface greatly reduced, due to 
smaller pipe, distribution system losses become very 
low. In fact, there are lines in which, over a period of 
years, by maintaining a moderate degree of superheat, 
the pounds of steam delivered equalled the pounds of 
steam supplied over monthly periods. Theoretically, 
this should be the case, since all the heat lost by radiation 
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from the line, is supplied by the drop in temperature of 
the steam between the entering and the discharge ends. 
To indicate the comparative pipe sizes for low-pressure 
saturated steam as compared with high-pressure super- 
heated steam, let us assume the following conditions: 


Steam transmitted, 150,000 Ib per hr. 

Saturated steam at 50, 100, 150, 200-Ib gage. 
Superheated steam at 300, 350, 400 and 450-lb gage. 
Superheat 50 deg. 


AXV 
Lb per hr = ———  X 60 
SU 
Ib per hr 
or A = P ——— 
60V 
A = cross-sectional area of pipe in sq ft. 
V = steam velocity in ft per min. 
= 6000 for saturated and 12,000 for super- 
heated steam. 
sv = specific volume of steam. 
Lb per hr 
— = 0.4166 for saturated and 0.2083 for 
superheated steam. 
TABLE XII 
Pipe Sizes for 150,000 Lb of Steam per Hour 
Abs. Specific Nearest 
Steam Press. Temp. Vol. A Pipe sizein. 
Satd. 65 298 6.652 2.771 24 
ee 115 338 3.878 1.616 18 
165 366 2.748 1.145 15 
” 215 388 2.131 0.8878 14 
Suphtd. 315 472 1.604 0.3341 8 
we 365 486 1.390 0.2895 ~ 
415 498 1.226 0.2554 7 
465 510 1.098 0.2287 7 


A test on a 10-in. line, 1250 ft long, reported in the 
N.D.H.A. Handbook, p. 230, gives the following: 


Btu loss per sq ft per hr for saturated steam—0.226 
Btu “-“ “ “ “ * “superheated “* —0.135 
Avg. line temperature, saturated steam —400 F 
superheated ‘““ —450 F 


“ ce “ce 


Based on data given in the A.S.H.&V.E. Guide on 
coverings for pipes, these figures can be corrected ap- 
proximately for different pipe sizes and different tem- 
peratures, as follows: 


Increase coefficient 21/2 per cent for each decrease of 
1 in. in pipe diameter below 10 in. 

Decrease coefficient 1 per cent for each increase of 
1 in. in pipe diameter. 


Increase or decrease coefficient 0.1 per cent for each 
1 F above or below 400 F for saturated, and 450 F for 
superheated steam. 

Air temperature taken at 50 F. 


TABLE XIII 
Btu Radiation Loss per Ft of Pipe for 150,000 Lb Steam per Hour 
Btu Loss per 


r per 

Abs. Pipe Ft of 
Steam Press. Temp Size Sq F Coeff. Length 
Sat. 65 298 24” 6.28 0.171 266.3 
wd 115 338 18” 4.71 0.194 263.2 

= 165 366 15” 3.93 0.207 257.1 

~ 215 388 14” 3.67 0.214 265.5 
Suphtd. 315 472 8” 2.26 0.145 138.3 
= 365 486 8” 2.26 0.147 144.8 

- 415 498 7” 2.00 0.152 136.1 

ss 465 510 ad 2.00 0.153 140.8 
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These tables show that with 400-lb gage steam, as 
compared with 150-lb gage, the pipe size is reduced from 
15 to 7 in. and the radiation loss cut in half. 

The percentage radiation loss when transmitting 
150,000 Ib of steam per hr 1000 ft is 1.43 per cent for 
150-lb gage saturated steam, and 0.73 per cent for 400-Ib 
gage steam superheated 50 deg F. With an annual 
load factor of 30 per cent these losses become 4.76 per 
cent and 2.44 per cent respectively. 


Meters, Temperature Controls, etc. 


Present-day meters are more accurate, more reliable and 
cheaper. Valves, reducing valves, traps and other ac- 
cessories have been improved and made more rugged. 
Automatic temperature controls have been developed 
which operate efficiently and effectively on steam sup- 
plied from a distribution system. With purchased steam, 
when such devices shut off the flow of steam entirely or 
almost entirely, the customer’s expense stops or is greatly 
reduced whereas, with his own boiler the banking losses 
still go on, or the boiler operates at a low and inefficient 
load. 

There is a field for very effective cooperation between 
the steam company and the manufacturer of such devices. 
Several companies are developing such cooperative action 
with remarkable reductions in the amount of steam used 
by individual buildings for heating purposes. 

One of the leading steam companies in this develop- 
ment has effected marked savings for its customers by 
this means, and through active cooperation of their 
service engineers with the customer. Selling steam at an 
average rate of approximately $1.10 per 1000 Ib, they 
doubled the amount of steam sold from 1929 to 1932, a 
remarkable record during the worst of the depression 
period. 

Service of this character not only pays dividends in the 
form of satisfied customers, but in actual cash return. 
Consider a company selling 500 million pounds of steam 
per year, and employing five service engineers at a com- 
bined salary expense of $18,000 per year and testing ex- 
penses of $20,000. The example cited above indi- 
cates that the average rate received for the steam will be 
from 12¢ to 16¢ per M lb greater than is the usual 
average when little or no effort is made to render such a 
service, giving a gross increase in revenue of from $60,000 
to $80,000 per year. The possibilities of improving cus- 
tomer relationships and financial returns by selling steam 
as a service rather than as a commodity, have, in too 
many cases, been sadly overlooked in the past, and are 
today just beginning to be generally recognized. Service 
of this character has long been rendered in the electrical 
field, and the application of similar methods in the sale 
of steam should be just as effective as it has been in the 
electric industry. 


Combined Electric and Steam Service 


The writer believes that it is in this field that the great- 
est advantages can be achieved from the developments 
in high-pressure steam generating equipment and dis- 
tribution systems. Industrial plants, department stores, 
hotels, office buildings, to briefly mention the more 
prominent customers, require electricity for lighting 
and power, steam for heating, for hot water and for 
process work, and air conditioning. High-pressure steam 
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1s the only single medium which is available to supply all 
three of these requirements on the premises. 

Sporadic efforts have been made to accomplish com- 
plete service; as for instance, at Rochester, N. Y., Cedar 
Rapids, Iowa., Wilmington, Del., and in Louisiana. But, 
in general, two factors have been opposed to develop- 
ments along these lines; namely, the conviction that the 
steam business, though often necessary, was nevertheless 
undesirable, and that all electric current must be gen- 
erated in large condensing plants. 

The previous articles have presented data to show: 

1. That steam rate systems are today set up on a basis which is 


generally fairly commensurate with the value of the service ren- 
dered. 

2. That the trend today is toward rate systems of the load- 
factor type, which put the steam companies in a position to take 
on high load factor business that they previously could not get and 
thereby to improve their own average load factor. 

3. That in this particular field, there is more gross income to be 
gotten, on the average, from the sale of steam than from the sale of 
electricity. 

4. That present-day high-pressure isolated plants are in a better 
position than ever before to compete with utility systems which 
render an electric service only, particularly where there is a use for 
low temperature heat. 

5. That, on the other hand, high-pressure boiler plants and dis- 
tribution systems enable the utility to render a combined steam and 
electric service, placing it in a better position than ever before to 
compete with the isolated plant. 

6. That boiler plant and distribution system efficiencies are to- 
day markedly higher than the best of the older systems now opera- 
ting. 


The writer believes it is to the advantage of the utility 
to install as much non-condensing generating equipment 
as the steam load warrants, up to approximately 15 per 
cent of the electric peak, and generate as many kilowatt- 
hours as possible from the steam necessary to meet the 
steam requirements. It has been shown that in 1929 
there were nineteen companies with 95,000-kw generator 
capacity which generated 168,500,000 kwh. With non- 
condensing equipment costing $40 per kw against $90 
for condensing, and generating a kilowatt-hour on 4000 
Btu instead 14,000, this meant a saving of $4,750,000 in 
investment and a yearly saving in coal of 5810 tons or 
between $25,000 and $30,000. 

A development which has not been touched upon so 
far, but which is of fundamental importance, is that of the 
non-condensing turbine. The present-day high-speed 
units are extremely rugged, very efficient for by-product 
generation, and can be made practically automatic in 
their operation. In Rochester, N. Y., units of from 3000 
to 5000-kw capacity in both the straight non-condensing 
and bleeder non-condensing types, equipped with auto- 
matic devices to shut them down in case something goes 
wrong, have been in operation for ten years without a 
turbine operator in the plant. They are started up by 
hand and inspected periodically. 

In Schenectady, larger units of the mercury type, and 
non-condensing steam type, are not only operated in a 
similar manner but are located out-of-doors. 

The use of automatic units on high-pressure steam 
distribution systems, opens up a new field of develop- 
ment in a combined steam and electric service: it offers 
new opportunities for effective cooperation between the 
utility and its customer, and new economies and sav- 
ings for both the customer and the utility. 

When rendering a combined service of this character, 
the effect of the steam demands and the generation of 
by-product electricity exert a profound influence upon 
the economics and operation of the electric end of the 
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business. 
upon: 


Following, is a brief discussion of the effect 


a. Method of carrying the system electric peak. 

b. Method of generating a certain proportion of the 
kilowatt-hours. 

c. Saving in electric system generating plant in- 
vestment. 

d. Saving in electric transmission and distribution 
system investment. 

e. Saving over electric straight condensing plant 
generating costs. 

f. Saving in electric transmission and distribution 
system losses. 


Toa utility planning to render such a combined service, 
two plans of procedure are open: 

Plan 1. Boilers operating at 1200 to 1500-Ib pressure 
and high temperature, feeding high-pressure turbines 
exhausting at 200 or 250-lb pressure into a steam distri- 
bution system operating at that pressure. . 

Plan 2. Boilers operating at 400 to 500-lb pressure 
with medium superheat, supplying a steam distribution 
system operating at that pressure, and feeding a con- 
siderable number of straight non-condensing or bleeder 
non-condensing units of from 1000 to 10,000-kw capacity 
each, equipped for automatic operation and located on 
the customer’s property. In this case periodic inspection 
and supervision of the units would be provided, and pres- 
sure reducing valves installed, with automatic desuper- 
heaters if necessary, to supply steam to the customer in 
case the turbine should shut down due to failure in the 
turbine or generator. 

In either Plan 1 or Plan 2 as many kilowatt-hours as 
possible would be generated from all of the steam sup- 
plied to the customer, and these kilowatt-hours delivered 
directly into the main electric distribution system of the 
utility. In Plan 1, the service pressure at the delivery 
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Fig. 3—Typical load-duration curve for an electric system 
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Fig. 4—Curves showing per cent of years electric peak used 
for specified hours per month for typical electric system 


point to the customer, would be approximately 100-lb 
gage. In Plan 2 there would be a high-pressure service 
at 100 Ib and a low pressure service at 5 lb. 


Electric Peak 


Fig. 3 shows the load duration curve of a typical elec- 
tric system, with the upper portion shown to an enlarged 
scale, and Fig. 4 shows the percentage of the electri¢ peak 
which is used for 10, 20, 35 and 50 hr per month; also 
the approximate percentage of the total steam required 
for space heating used during each of the nine heating 
months. 

A study of these curves shows that during the year, 
different percentages of the maximum integrated one- 
hour peak are used for the number of hours per year and 
during the months of the year shown in Table XIV. 


TABLE XIV 
Hours Use for 
% of Months 
Int. Peak Shown Months of the Year 

96 10 Dec. 

95 20 Nov., Dec. 

92 60 Oct., Nov., Dec. 

90 85 Oct., Nov., Dec., Jan. 

87 200 Sept., Oct., Nov., Dec., Jan., Feb. 
85 335 Sept., Oct., Nov., Dec., Jan., Feb. 
83 515 Sept., Oct., Nov., Dec., Jan., Feb., Mar. 

The peak used for 10 hr per month is 

89 10 Sept. 

94.5 10 Oct. 

95 10 Nov. 

96 10 Dec. 

90 10 Jan. 

85 10 Feb. 

82 10 Mar. 

79 10 Apr. 

80 10 May 


Note on Fig. 4 that the heating steam curve in general 
parallels the electric load curves, but is pushed over one 
month to the right. It is also to be noted that during 
March, April, May, June, July and August, the ten 
hours per month use of the peak on the electric system, 
does not exceed 83 per cent of the maximum winter peak. 

These curves show that the maximum heating steam 
period corresponds, in general, with the maximum elec- 
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tric load period; therefore, non-condensing electric gen- 
erating equipment can be installed to meet the demands 
of the electric peak load period. The kilowatt capacity 
of such non-condensing equipment will be that amount 
required to supply the heating and industrial steam up to 
approximately 17 per cent of the electric system peak. 

Such non-condensing capacity will supplant an equiva- 
lent of condensing capacity plus any transmission and 
distribution system electric losses incurred in getting 
the output of the condensing plant generation to the 
electric load supplied directly by the non-condensing 
capacity. 

The kilowatt-hours generated by such non-condensing 
equipment will. be produced at a very high efficiency; 
actual results from such turbine-generators operating at 
350-Ib gage, show well under 4000 Btu per kwh. The 
only actual loss incurred is that due to friction and 
radiation losses in.the turbine and generator. The inter- 
nal losses in the turbine are recovered in the exhaust 
steam. 

The tremendous cost of carrying the top 17 per cent of 
the duration curve which lasts only about 500 hr out of 
the year, has been and is one of the serious economic and 
technical problems of the electric utility. With condens- 
ing plant costs running from $80 to $125 per kw, when 
this investment can be used only from 100 to 500 hr 
out of the year, means that the fixed charges per kilowatt 
hour generated will be from 40 to 10 times that of the 
average kilowatt-hour of the typical electric system. 

Combined electric and steam service offers an economi- 
cal method of carrying this short hour peak, and of 
generating very cheap kilowatt-hours, thus reducing both 
the investment required and the operating costs. Non- 
condensing units of the sizes contemplated can be in- 
stalled at costs running between one-third to one-half 
that of condensing plants, and will save from 7000 to 
10,000 Btu on each kilowatt-hour generated. They 
require very little space, can be installed in basements, 
sub-basements or inexpensive buildings. Modern 
sound-proofing practically eliminates any objectionable 
noise. They will be controlled by back-pressure govern- 
ing devices, automatically taking such electric load as 
is necessary to supply the steam required by the steam 
distribution system. 

It should not be forgotten that during an emergency, 
such as the breakdown of a condensing unit, exhausting 
the steam to the atmosphere is a relatively inexpensive 
method of operation. Under such conditions these 
machines would be controlled by the usual speed type 
of governor with the synchronizing motors all controlled 
from one point if desired. 

The electric transmission and distribution system, like 
the usual condensing plant, must provide 17 per cent of 
its capacity for short-hour use. A dozen or fifteen non- 
condensing units aggregating about 15 per cent of the 
system peak, located at strategic points in the load area 
of the distribution system, will form a very reliable 
substitute for an equal amount of distribution system 
capacity, resulting in additional savings in investment. 
The probability of trouble with more than one or two 
of these units at the same time, if they are given effective 
inspection and supervision, is very remote. 

The kilowatt-hours generated by such machines, in 
addition to the thermal savings mentioned, will also save 
transmission and distribution system losses of from 5 to 
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10 per cent. 
possible. 

In conclusion, it has been the purpose of these articles 
to trace some of the factors in the early development of 
district steam heating which accounted for the losses 
sustained and certain prejudices against it, to outline 
the growth and changes, particularly from about 1920 to 
1929, and to point out the improvement in operating 
results as compared with the earlier experiences; to 
discuss the improved equipment available today, its 
effect upon the investment required and operating costs; 
to point out the relation between steam service and elec- 
tric service, and the advantages of dual operation; to 
attempt to picture the present-day possibilities of the 
development of steam service, not as an unwelcome ap- 
pendage to the electric utility, but as a co-worker and 
partner in the task of solving the problems of develop- 
ment and cooperation between the utility and its cus- 
tomer. Even if such a partnership between steam service 
and electric service is not adopted in most cases, it is still 
true that a number of steam companies are today making 
money ‘‘on their own,” and a steam service deSigned to 
meet all the requirements of its customers for steam to 
be used for power generation, for industrial process work, 
for space heating and for air conditioning, is well able to 
stand on its own feet. 


Better voltage regulation might also be 





Melvin D. Engle has been appointed superintendent 
of the station engineering department of the Edison 
Electric Illuminating Company of Boston succeeding 
George E. Seabury who recently retired. 


George L. Knight, vice president in charge of me- 
chanical operations of the Brooklyn Edison Company, 
has been elected president of United Engineering 
Trustees, Inc. 


Dr. W. F. Durand, past president of the American 
Society of Mechanical Engineers and Professor Emeri- 
tus of Mechanical Engineering, Leland Stanford Uni- 
versity, has been awarded the John Fritz Gold Medal 
for 1936, for notable achievements in hydrodynamic 
and aerodynamic science, research and education. 


Charles F. Scott has been elected chairman of the 


Engineers’ Council for Professional Development, suc- 
ceeding C. F. Hirshfeld. 


Otto de Lorenzi has been appointed Assistant General 
Sales Manager of Combustion Engineering Company, 
Inc., as announced by H. S. Colby, General Sales 
Manager. Except for two years in the American Ex- 
peditionary Forces, Mr. de Lorenzi has been with the 
company since 1916 in various engineering capacities. 
He is a graduate of Cornell University, a member of 
the A.S.M.E. and a licensed professional engineer. 
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BOILER DESIGN as Influenced by 


F'actors External to Heat 


Absorbing Surface” 


The term boiler is often entirely inade- 
quate to describe the steam generating 
equipment. Water walls, water screens, 
superheaters, economizers and air heaters 
have been added to increase heat absorbing 
surface until the boiler finds itself simply 
an integral part of a steam-generating 
unit. During this period the boiler de- 
signer has been increasingly conscious of 
the growing importance of this additional 
heat absorbing surface and of the necessity 
of combining this variety of equipment 
into a correctly proportioned unit. These 
developments have introduced many fac- 
tors of influence in the trend of modern 
boiler design, some of which are here dis- 
cussed. 


OT so very long ago the boiler manufacturer’s 
obligation, in connection with the sale of a boiler, 
consisted of little more than a guarantee that the 

boiler had a given amount of heating surface and was 
designed for a specified pressure. In contrast, the manu- 
facturer is now expected to guarantee such items as 
capacity, efficiency, exit gas temperature, draft loss, 
superheat and pressure drops, not only for the boiler, but 
to coordinate these data as affected by the addition of 
superheaters, economizers and air heaters. In order to 
make guarantees of this nature, the manufacturer must 
be able to predict very closely the performance of each 
and all of these pieces of equipment. In obtaining in- 
formation upon which to base his predictions, he has been 
seriously handicapped through lack of definite operating 
data. While a thorough knowledge of the theoretical 
considerations involved is essential, alone it is practically 
useless. Experience and continued investigation, how- 
ever, have served to improve the situation. 

Probably the most useful means for obtaining informa- 
tion upon which to base performance prediction is offered 
by reference to the results of carefully conducted boiler 
tests. It is not practical for a manufacturer to build a 
boiler and operate it for the purpose of obtaining informa- 
tion upon which to base performance predictions. In the 
first place the cost would be prohibitive. Secondly, the 
results obtained would be applicable only to the particu- 
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lar type of boiler tested, whereas the manufacturer de- 
sires information to cover a widely diversified field in- 
volving many types and sizes, as well as a wide range of 
conditions. Moreover, it is impossible to approach ac- 
tual conditions by the use of data obtained on reduced- 
sized models. However, even in the face of these limita- 
tions, it is possible to apply the laws of heat transfer and 
flow of gases to the results of tests and to obtain thereby 
data applicable to the entire range of boilers and operat- 
ing conditions. 

Whether in analyzing test results or predicting per- 
formance, one of the primary items required is an accu- 
rate determination of the weight of gases generated in the 
furnace and passing over the boiler surface. Obviously, 
any metering device is impractical for this purpose. The 
universally adopted method is a determination based 
upon the analyses of the fuel and products of combustion. 
Test results show ‘Orsat” readings indicating the 
volume percentages of CO2, CO and Oz in the flue gases. 
From the fuel and gas analyses and the use of the so-called 
“Mol” system, in which the molecular weights of the 
constituents are used, the quantities of flue gas as well 
as air required for combustion can be calculated. An- 
other convenient formula in common usage is the follow- 
ing: 

Pounds of dry gas per pound of carbon = 


11 CO, + 8 O, + 7(CO + N:) 
3 (CO; + CO) 





in which the symbols represent the percentages by 
volume as given by the flue gas analysis. To the dry gas 
weight must be added SO, produced from the combustion 
of sulphur in the fuel plus the moisture produced from the 
combustion of hydrogen and the moisture in the fuel 
itself. Complete derivations of determining the quantity 
of flue gases can usually be found in any technical book 
on combustion. 

The foregoing explanation is intended to show the 
method of obtaining the flue gas quantity based upon 
boiler test results. 
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On the other hand, when making performance predic- 
tions, such complete information is not available. The 
excess air or CO» is dependent upon the character of the 
fuel and the type of combustion equipment used. With 
these factors known the proper excess air required for 
good operation can be decided. Although it is not always 
possible to know beforehand the exact analysis of the 
fuel, it is highly desirable to know its proximate analysis, 
calorific value and source. Where the ultimate analysis 
of the fuel is known, the quantity of air required to burn 
it can be computed from the formula: 


Lb of air per Ib of fuel = 11.52C + 34.56 (x a 3) + 4.328 


where C, H, O and S represent the proportions by weight 
of carbon, hydrogen, oxygen and sulphur. 

When the proximate analysis only is known, it is found 
more convenient to use empirical methods for computing 
the quantities of air and flue gas. 

Fig. 1 illustrates an empirical curve of this type for use 
with bituminous coals. It will be noted that percentages 
of excess air are plotted as abscissas with ‘‘pounds of gas 
per million Btu input to furnace” as ordinates. It has 
been found that this relationship holds with a surprising 
degree of accuracy for the entire range of bituminous 
coals. The lower part of the curve provides easy means 
for obtaining the CO, corresponding to any given per- 
centage of excess air. This relationship between CQO, 
and excess air is influenced by the ratio of fixed carbon to 
volatile matter. Actually there should be a family of 
curves to cover the entire range of fixed ratios of carbon to 
volatile content, but the spread between them would be so 
small that the two lines shown—one for high volatile and 
one for low volatile coals—will give sufficiently accurate 
results. Curves of this nature can be plotted for virtu- 
ally all fuels. 

Assuming that the gas quantity is known, the next 
major item required is the temperature of the gas leaving 
the furnace and entering the boiler. 


Many Factors Influence Furnace Temperature and 
Heat Absorption 


Past experience has demonstrated that furnace tem- 
perature and furnace heat absorption depend on so many 
factors that the problem of devising a satisfactory means 
for their determination is difficult. All of the following 
factors have some influence on the furnace temperature: 
Type and characteristics of fuel. 

Type and rate of firing. 

Per cent COs or excess air in furnace. 

Amount and temperature of preheated air. 
Amount and nature of water-cooled surfaces. 
Cleanliness of water-cooled surface. 

Temperature of water and steam within water- 
cooled surfaces. 

8. Design and arrangement of furnace. 

9. Losses due to radiation. 


al oll ell al od dl 


With pulverized coal firing and to a lesser degree, oil 
and gas firing, the entire furnace is more nearly filled with 
flame than with stoker firing where the flame occupies a 
limited zone just above the fuel bed. The flame in 
pulverized coal-fired furnaces contains a large amount of 
incandescent carbon particles which radiate more heat 
than does the non-luminous flame of a gas-fired furnace. 
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Fig. 1—CO:, excess air, gas and air weights 
(for coal only, except anthracite) 


With regard to the other factors, the following com- 
ments are in order: 

The nature of the water-cooled surface naturally 
affects its heat absorption. For instance, armored or 
protected tubes will not absorb heat as readily as bare 
tubes. 

Any comparison of absorption rates should take into 
consideration the construction of the furnace water walls. 
For example, plain tubes may be closely spaced, forming 
an almost continuous metallic wall in which approxi- 
mately half of the tube absorbs heat by radiation. Plain 
tubes spaced apart and having the rear half embedded in 
refractory are also half exposed to radiation. Plain 
tubes spaced apart, and which either touch the wall or 
are not away from it, have more than half of their surface 
exposed to radiant heat from the refractory wall as well 
as from the furnace. Coatings of ash and slag on parts 
of the walls cause those parts to be comparatively in- 
effective. 

Temperatures in a furnace operated at constant rating 
may vary 200 to 300 deg depending on the cleanliness of 
the water-cooled surface. Accuracy of furnace calcula- 
tions for slag-covered or dirty furnace walls will depend 
largely on the judgment and experience of the calculator. 
In a paper on heat absorption in water-cooled furnaces, 
presented before the Fuels Division of the A.S.M.E. in 
December 1930, William L. DeBaufre proposed to take 
account of heat absorption with clean, slightly dirty and 
dirty furnace water walls by means of “effectiveness 
factors’ based on test results from various sources. 

The design and arrangement of furnace walls also exert 
an influence on the furnace heat absorption. For ex- 
ample, with stoker-fired furnaces, particularly those hav- 
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ing chain and traveling grate types equipped with long 
arches, only a small portion of the boiler surface and 
upper furnace walls ‘‘see’”’ the fire. This results in a re- 
duced furnace wall heat absorption and therefore a high 
furnace temperature. 

With pulverized coal, as well as oil and gas firing, the 
size of the furnace and the ratio of its plan area to perim- 
eter undoubtedly affect the furnace wall heat absorp- 
tion. In partially water-cooled furnaces the location of 
the water wall surface influences the absorption. 

Although heat absorption by the furnace walls takes 
place primarily by radiation as expressed by the Stefan 
Boltzman law, and is proportional to the difference of the 
fourth powers of the absolute temperatures of the radi- 
ating surfaces, it is evident from the foregoing discussion 
that there are many other factors which exert an influ- 
ence. Mr. DeBaufre, in the paper previously mentioned, 
gave the following reasons why the heat radiated to the 
furnace walls does not follow the fourth-power law: 


The temperature of the burning fuel and products of 
combustion within the furnace is not uniform, but 
varies from a maximum at the place of most intense 
combustion to a minimum generally at the furnace 
outlet. 

The water-cooled surfaces absorbing radiant heat are 
at a higher temperature than the water evaporating 
into steam within these surfaces. 

Some heat may pass by convection and conduction 
rather than by radiation. 

Radiation from non-luminous gases does not follow 
the fourth-power law, and radiation from burning fuel 
may not follow this law. 

The flames may not entirely fill the furnace volume. 

Clouds of cool, unburned fuel may intervene between 
the hot flames and part of the water-cooled surface. 

Combustion may not be complete within the fur- 
nace, but continue into and through the boiler-tube 
banks. 


In attempting to devise a satisfactory means for pre- 
dicting furnace performance, curves of the form shown in 
Fig. 2 provide a simple means of determining the furnace 
heat absorption. This curve represents a plot of test 
results on a large pulverized coal furnace. It has been 
found that curves on similar furnaces, when plotted on 
the same coordinates, are in close agreement. The ab- 
scissas represent heat liberated per square foot of pro- 
jected radiant water-wall surface. The heat liberated is 
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Fig. 2—Furnace heat absorption on large pulverized coal- 
fired boiler. Figures show per cent CO, in furnace 
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the net heat available in the furnace, which is the sum of 
the Btu in the fuel and in the preheated air less the fur- 
nace losses and less the latent heat of moisture in the fuel 
and moisture produced by the burning of hydrogen, 
expressed in Btu. The ordinate of the curve represents 
the heat absorbed per square foot of projected radiant 
surface. The numerals at each of the plotted points 
represent the corresponding CO, in the furnace. Curves 
can be drawn through points of the same CO, to represent 
the absorptions corresponding to liberations for constant 
CO,. By means of such curves obtained from the results 
of tests on a number of different types of furnaces and 
fuels, it is possible to determine the absorption by the 
furnace water walls. 

Since the difference between the heat released and the 
heat absorbed in the furnace walls represents the heat 
content in the gases at the furnace outlet, the gas tem- 
perature entering the boiler may be easily determined. 


Factors Affecting Boiler Itself 


Having considered the determination of gas weights 
and temperatures entering the boiler, let us investigate 
the factors which have influenced the design of the boiler 
itself. Fifteen years ago boilers were rarely operated 
above 200 per cent rating and difficulty with slag deposit 
on the first few rows of boiler tubes was therefore not 
serious. However, the present high rates of combustion, 
and consequent high furnace temperature and high 
velocity of gases at the entrance to the boiler, have 
brought troubles from slag deposits on the boiler tubes, 
particuarly with coals of low fusion temperatures. This 
trouble has presented more or less serious difficulty on 
boilers of the straight-tube type equipped with interdeck 
superheaters and where the entrance to the first pass 
may be somewhat restricted. By arranging the drop- 
bank section of the boiler on wide centers both horizon- 
tally and vertically, this trouble has been greatly re- 
duced. 


Superheating Surface and Iis Location 


The open arrangement of the first pass of bent-tube 
boilers is not ordinarily as subject to slagging difficulties, 
but here also it is often desirable to open up the first few 
rows of tubes by designing the boiler so that alternate 
tubes of the first row project into the furnace 8 to 12 in. 
farther than the normal first row of tubes. 

The flue gases, after passing through the slag screen 
and usually a few rows of boiler tubes, next encounter the 
superheater. It is only within the past few years that 
the superheater has received very serious consideration. 
Experiments have proved steam temperatures of 900 F 
to be entirely practical. Manufacturers are now offering 
superheaters for many industrial and utility plants for 
temperatures ranging from 800 to 950 F. As the tempera- 
tures increased, so the required space increased. With 
the development of alloys to withstand the high tempera- 
tures, it has been possible to move the superheater nearer 
to the furnace, and in this manner, to maintain a higher 
temperature difference between the steam being super- 
heated and the products of combustion. The result has 
been to reduce the amount of surface which would have 
otherwise been required. Nevertheless, a very large 
amount of surface is required to obtain these high tem- 
peratures. The space required to accommodate this sur- 
face is so great that it becomes necessary, in many in- 
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Fig. 3—Advance in steam pressures, heating surface 
and output 


stances, first to design the superheater and then consider 
the boiler afterward, with the result that it is not unusual 
to find very little available space remaining for the 
boiler. 

While the development of suitable alloys has been the 
chief factor in making these high temperatures and 
pressures a commercial success, the development of suit- 
able means and materials for supporting the superheater 
has been of almost equal importance. In some cases the 
elements nearest the furnace have been supported by the 
elements above by means of lugs welded to the elements 
themselves and kept sufficiently cool by steam within the 
tubing. 


Means for Maintaining Constant Superheat 


A phase of superheater design which has found in- 
creased importance of late has been to provide means for 
maintaining a constant steam temperature over a rela- 
tively wide range of the load operation. Several methods 
of maintaining a constant temperature have been used, 
all of which affect the design of boiler: 

1, The compensating type superheater applied where 
two boilers are arranged over one furnace, one boiler 
being equipped with a large convection superheater and 
some semi-radiant intertube superheating surface while 
the other boiler has semi-radiant superheating surface 
only. The temperature is controlled by dampers which 
regulate the amount of gas passing through each of the 
two boilers. 

2. A second method is by use of de-superheaters to 
reduce the temperature of the overly-superheated steam 
to the desired temperature. This equipment is relatively 
expensive and requires considerable space outside of the 
boiler setting. 

3. A third method which appears to be better adapted 
to the average boiler is to design the boiler with by- 
passes and suitable dampers for regulating the quantity 
of gas passing over the superheater. 

In recent years, particularly with large units, the 
amount of boiler surface placed after the superheater has 
become smaller and smaller. The use of completely 
water-cooled furnaces has resulted in a large proportion 
of total heat absorption by the furnace wall tubes. With 
steam temperatures elevated to 800 to 900 F, the heat 
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absorbed by the superheater may account for as high as 
700 deg drop in the temperature of the gases passing over 
the surface. The proportion of the total heat which 
must be absorbed by the boiler is relatively small. How- 
ever, the mean temperature difference between the flue 
gas and the boiler heating surface is also relatively 
small, necessitating the use of a proportionately large 
amount of boiler surface, in order to reduce the exit gas 
temperature to a reasonable figure. Particularly is this 
true at the higher pressures where the temperature of 
saturated steam is high. In such cases the use of larger 
economizers is found to be more economical. 

The boiler absorbs heat primarily by convection. 
While much research and experimenting has been done to 
determine the rates of heat transfer applicable to boilers, 
these data assume ideal conditions, which are never 
encountered in actual operation. Virtually all of the 
experimental results indicate that the convection transfer 
rate is a function of the mass velocity of the gas, and most 
of the proposed formulas include terms for adjusting the 
transfer rate for varying temperature conditions. 


Deviations from Formula Necessary 


In attempting to predict the exit gas temperature 
from the boiler it is necessary to allow for deviations 
from the proposed formulas for the following reasons: 


1. The mass velocity is not uniform. 

2. Temperature of gas is not uniform. 

3. Some radiant heat from the furnace finds its way 
into the boiler passes. 

4. Some radiation takes place from the non-luminous 
CO, and water vapor even at the relatively low tempera- 
tures encountered in the boiler. 

5. The entire tube heating surface is not effective. 
With any practical baffling arrangement some of the 
surface is by-passed. 

6. The gas flow is not all transverse to the tubes in 
the case of straight-tube boilers or all parallel to the 
tubes in the case of longitudinally baffled bent-tube 
boilers. 


Investigation of test results on existing installations 
indicates that heat recovered by the surface near the 
boiler outlet is a relatively small amount. Studies have 
been made with various baffling arrangements in an at- 
tempt to arrange the surface and baffles to obtain a 
maximum transfer of heat with bent-tube boilers by use 
of cross baffles. In many cases it has been found possible 
to obtain considerably better performance by such an 
arrangement of baffles. 

During the past several years elaborate studies have 
been made to determine the most economical design of 
steam generating units. This does not mean most 
economical from the standpoint of first cost, but rather 
with a view of securing the greatest return on the invest- 
ment, giving due consideration to the expected operating 
conditions and all other related factors. Modern boiler 
units are the result of exhaustive studies of all of these 
factors. 

At this point it may be of interest to consider briefly 
the advancement in increased boiler pressures, heating 
surface and steam output as illustrated by Fig. 3. It is 
evident that progress in this direction was negligible 
from 1880 until 1920, at which time, coincident with the 
end of the World War period, occurred the advent of the 
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commercial application of pulverized fuel firing to steam 
boilers. The water screen, the water-cooled wall and the 
air heater soon entered the picture and the period of rapid 
advancement in steam generation as we now know it 
was on its way. 


Before consideration can be given to the design of the 
boiler units themselves, the governing conditions must 
be ascertained. These include: the normal and maxi- 
mum outputs required; the character of the daily or 
periodic load, the yearly load factor and the character and 
cost of fuel. In addition, two other factors are becoming 
increasingly important—availability and _ reliability. 
Not many years ago it was customary to provide for 
boiler outages by the addition of one or more spare units 
to carry the load when some of the boilers were shut down 
for cleaning, repairing or rebuilding the furnaces, which 
incidentally, were not infrequent occurrences. But 
with the completely water-cooled furnaces now exten- 
sively used and with the present knowledge and adoption 
of proper methods of feedwater treatment, outages from 
these causes are rare indeed. Many of the newer instal- 
lations are operating with availability factors well over 90 
per cent. Such records are possible only by virtue of 
proper analysis of the problem in hand and due con- 
sideration to all the factors influencing the design of the 
unit. 


Some Economic Considerations 


Where reliability and availability are important con- 
siderations, it may be necessary to increase the initial 
capital investment sufficiently to allow the incorporation 
of certain features which will assure their accomplish- 
ment. For example—to provide a boiler with a suitable 
slag screen and a large furnace, may add to the cost of the 
unit, but merits ample justification in the definite elimi- 
nation of a potential source of periodic shutdowns. The 
size of the furnace and extent of the slag screen will 
largely depend upon the characteristics of the coal and 
the method of firing. A large furnace reduces combus- 
tion rates, provides additional space for flame propaga- 
tion and reduces the temperature of the products of 
combustion entering the boiler tubes. The slag screen 
provides additional cooling and reduces gas velocities, 
thereby causing the semi-molten ash particles carried in 
suspension to solidify in this zone. before entering the 
main tube bank of the boiler. 


One of the next steps in the design is the determination 
of the extent to which high efficiency may be sought with 
suitable return on the investment. Naturally this 
cannot be estimated until the increment cost of obtaining 
additional efficiency is known. It is here that the boiler 
designer is confronted with the problem of proportioning 
the various heat-absorbing surfaces to show the highest 
efficiency for the least cost. Needless to say, the method 
of arriving at the answer is one of “‘cut and try.””’ The 
efficiency which can be justified will depend upon the 
cost of obtaining it and this cannot be decided until the 
amount and cost of the various surfaces have been deter- 
mined. The cost of a particular combination of surfaces 
must be evaluated and, if found not justified, other 
combinations must be similarly considered until the 
proper one is attained. 
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The proper combination of surfaces depends princi- 
pally upon these items: 


1. Pressure. 

2. Feedwater temperature. 
3. Type of fuel. 

4. Type of boiler. 


In some instances the temperature of preheated air is 
limited by the firing equipment and it is then only 
necessary to determine the economical combination of 
water walls, boiler and economizer surfaces. 


The cost of boiler surface is largely dependent upon the 
type of boiler used. It is usually possible to increase the 
surface of bent-tube boilers by increasing the vertical 
drum centers. If this can be done without increasing 
drum size, the cost of adding surface is comparatively 
small. Adding surface to straight-tube boilers usually 
means additional length of headers which naturally are 
more costly than tube surface alone. 


The amount of heat transferred depends upon the 
temperature difference between the gas and water. This 
temperature difference as applied to the surface at the 
boiler outlet depends upon the saturated steam tempera- 
ture within the boiler. In the economizer which is ar- 
ranged for counterflow of gas and water the temperature 
difference applying is that between the gas and feedwater 
being heated. Economizer surface can therefore be 
substituted for boiler surface and recover more heat be- 
cause of the increased temperature difference, which 
condition applies until the feedwater is heated to the 
temperature of saturated steam. For high pressures and 
comparatively low feed temperatures it is possible to 
justify large amounts of economizer surface. The 
economizer also can be arranged for any desired gas 
velocity and, with practically all of the surface effective, 
whereas the boiler surface, because of its location and the 
multiplicity of passes which must be employed, cannot 
be made 100 per cent effective. Furthermore, it is often 
not feasible to arrange the boiler baffles to give the 
desired gas velocity. The economizer, on the other 
hand, may be arranged for staggered flow transverse to 
the tubes, which gives a very effective transfer of heat 
to the water. 


The increased use of economizer surface in recent years 
serves to indicate that a thorough analysis has repeatedly 
justified more economizer surface and less boiler surface 
as an economic expedient. In addition, the space re- 
quired for the economizer is less than for an equivalent 
amount of boiler surface which is often an important 
consideration. 


The steel tube economizer is almost universally used at 
present. Its use has been brought about by the exten- 
sive employment of high-pressure steam and the develop- 
ment of manufacturing methods for making short radius 
return bends as well as forged return bends. 


In conclusion, it may well be pointed out that a most 
important feature of the advance during this period is the 
knowledge and experience which have been gained. As 
a result, the boiler designer proceeds with greater confi- 
dence in his efforts to combine the several related ele- 
ments of steam-generating and heat-absorbing equip- 
ment into a properly proportioned unit, and with in- 
creased assurance of greater certainty of ultimate results. 
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Factors in Selection of Coal 


for Underfeed Stokers* 


N analysis of data on 7284 industrial plants, accu- 

mulated in a market survey recently conducted by 

Appalachian Coals, Incorporated, reveals the 
prominent position of the underfeed stoker. This survey 
covered the principal market areas for southern high 
volatile coals and included approximately 15,000 coal- 
burning units in industrial plants located in Georgia, 
eastern Indiana, central and eastern Kentucky, lower 
peninsula of Michigan, North Carolina, that part of Ohio 
west of the Sandusky-Galion line, South Carolina and 
western Virginia. Table I is a summary of the coal-firing 
equipment in use in the plants covered by the survey. 

Certain outstanding facts are immediately apparent 
upon inspection of Table I. The total coal involved annu- 
ally is 19,634,266 tons; of that amount, 9,429,375 tons or 
48.1 per cent is burned on underfeed stokers. Out of a 
total of 2,532,692 boiler horsepower, underfeed stokers 
account for 1,139,292 boiler horsepower or 45 per cent. 
The number of underfeed units is 4423. 

The average horsepower of the 14,532 boilers is 174.3, 
whereas boilers fired with underfeed stokers average 257.6 
horsepower. 

Of special interest is the large number of hand-fired 
boilers, numbering 8878 units, with an average of 106.8 
horsepower. From a coal-consumption standpoint, these 
hand-fired boilers rank next to underfeed stokers with an 
annual consumption of 4,089,827 tons, or 20.8 per cent of 
the total. Together the underfeed stokers and hand- 
fired grates account for 13,519,202 tons, or approximately 
70 per cent of the total coal involved in the survey. 

This survey reveals that the average horsepower of the 
underfeed stoker-fired units is rather low but that these 
units are very numerous. This probably indicates the 
effect of the great increase in small industrial underfeed 
stoker installations made in recent years. The data on 
underfeed stokers by types (Table I) show that from a 
tonnage standpoint, the multiple-retort stoker accounts 
for 6,587,655 tons or 69.9 per cent of the total coal burned 
by underfeed stokers; the average boiler horsepower per 
unit is 491. The ram-feed stoker accounts for 1,997,690 
tons of 21.1 per cent with an average boiler horsepower of 
220. Together, the multiple-retort and the ram-feed 
underfeed stoker account for 8,585,345 tons or 91 per 
cent. The screw-feed underfeed stoker accounts for 
844,030 tons or 9 per cent of the total coal burned on 
underfeed stokers. 


* Submitted by a committee of Fuel Engineers representing Appalachian 
Coals Inc., consisting of R. L. Rowan, Fuel Engineer, General Coal Company, 
Philadelphia; L. A. Shipman, Combustion Engineer, Southern Coal and Coke 
Co., Knoxville, Tenn.; T. H. Queer, Sales Engineer, Pittsburgh Coal Co., 
Pittsburgh, Pa.; F. J. Kasper, Combustion Engineer, The Koppers Coal Com- 
pany, Philadelphia, Pa.; O. O. Mallers, Inspection Division, Appalachian 
Coals, Inc., Cincinnati, O.; J. E. Tobey, Manager of Fuel Engineering Divi- 
sion, Appalachian Coals, Inc., Cincinnati, O. 
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The purpose of this paper which will be 
presented in full at the Fuels Session of the 
A.S.M.E. Annual Meeting, Dec. 2-6, 1935, is 
to point out the complexity of the problem 
of selecting coals for underfeed stokers. It 
does not attempt to present a method ora 
formula for such selection, but aims to 


stimulate discussion. 


Approximately 80 per cent of the coal shown in the 
survey is mechanically fired and the balance, 20 per cent, 
is hand-fired. Coal mechanically fired is proportioned on 
a tonnage basis approximately as follows: Underfeed 
stokers, 60 per cent; pulverizers, 20 per cent; chain- 
grate stokers, 11 per cent; overfeed stokers, 7 per cent; 
and spreader stokers, 2 per cent. The multiple-retort 
stoker alone accounts for approximately 40 per cent of all 
the coal mechanically fired in the plants covered by the 
survey. 


Present Basis for Coal Selection 


The selection of coals is not, as a rule, given adequate 
consideration. The most common, and undoubtedly the 
poorest, method is that wherein the buyer, frequently 
disregarding the origin of the coal, bases his selection on 
the proximate analysis and calorific value. Even though 
the coal may rank high in heat units and low in ash, 
moisture, sulphur, etc., and the buyer may be well pleased 
with the negotiations, it is only by chance that he has 
made a good selection. This is simply blind buying of 
heat units over the counter, and it does not make for 
ultimate satisfaction with respect to performance and 
economies. The proximate analysis and calorific value 
give important information and are useful in checking 
shipments of a coal which has been found to give satisfac- 
tion, but by themselves they are inadequate indices of the 
ability of a coal to meet given requirements. 

The trial-and-error method of selection, in which the 
power plant engineer acts as judge, basing his conclusions 
upon results obtained, is a much more reliable and satis- 
factory basis for selection. In fact, there is nothing seri- 
ously wrong with the trial-and-error method except that 
it is sometimes an expensive and long-drawn-out proce- 
dure. In the end, it will usually be productive of good 


results, and coals which meet the plant’s specific require- 
ments will be obtained. 

The average coal buyer does not appreciate the com- 
plexity of the problem of coal selection, but is rather in- 
clined to rely upon some certain technique which he has 
developed, couched in good intentions, but likely based 
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upon erroneous and unsound principles. When this 
technique fails to produce satisfactory results, it creates 
an additional expense in the operation of his plant. 

If the error in selection is not too great, the plant may 
operate for a period of years without this error becoming 
apparent. On the other hand, if it shows up in high costs, 
the buyer, due to lack of understanding, may place the 
blame entirely upon the coal or the equipment instead of 
upon the inadequacy of the system of selection. In many 
such cases, the coal may have been exactly as represented 
by the seller, but it was called upon to meet a set of condi- 
tions for which it was unsuited; or, perhaps, its poor per- 
formance was due to lack of knowledge on the part both 
of the buyer and the seller as to the proper firing tech- 
nique. There appears to be a gap, or ‘‘no-man’s-land,”’ 
between the knowledge of coal application possessed by 
buyer and seller which adversely affects their common 
problems. 

The principles involved in underfeed combustion are 
not generally well understood. Superior coals improperly 
fired may show inferior performance to poor coals prop- 
erly fired. There is a best technique for burning each 
coal and that technique varies with each type of equip- 
ment and with different load conditions. As a rule, coals 
which give the least trouble in given stoker installa- 
tions usually prove to be the most economical coals to 
use, and, conversely, coals which cause serious trouble 
and result in high maintenance are usually neither effi- 
cient nor economical to use. Excessive maintenance 
usually reflects poor combustion and undesirable condi- 
tions, not the least of which is a poor reliability factor 
and frequent boiler outage. 

In the present state of the art of fuel burning, no set of 
specific rules can be compiled which will be flexible 
enough to cover the many situations involved in the 
selection of coals. 

Furthermore, the art of fuel burning is undergoing 
constant change. Coal preparation, equipment design, 
plant operation, and other kindred factors are still far 
from being standardized. 


Preparation of Stoker Coal 


Preparation of coal by sizing and cleaning, frequently 
alters its burning characteristics. This is important and 
should command the interest of those engaged in the de- 
sign and operation of plants consuming coal, as well as 
those having charge of the purchase of coal. 

Since this paper deals with the selection of coals for 


underfeed stokers, the discussion will be limited to those 
sizes of coal which are now generally sold for this purpose. 
In the coal trade, these sizes have usually been known as 
slack, nut and slack, or nut, pea and slack coal. The 
terms have often been used interchangeably but in this 
discussion the term ‘‘nut-slack’’ will generally be used. 
Formerly run-of-mine coal was the predominating size 
purchased but this size had to be crushed before going to 
the stoker. 

The nut-slack size consists of the smaller pieces of coal 
produced in mining, handling and preparing of coal for 
market. Round-hole or equivalent openings are used in 
the screens and the diameter may range from the equiva- 
lent of a */s-in. round hole up to as large as 2'/sin., 2°/, 
in., and, in a few cases, to 3 in. Usually, however, the 
screen openings do not exceed 2'/2in. round, while the 
prevailing sizes of screen openings seldom exceed 2in. 
round. The nut-slack size consists of all coal passing 
through the screen, and, therefore, contains a range of 
sizes from pieces which will just pass through the screen 
opening down to nearly zero in size. A large number of 
nut-slack coal sizes are produced throughout the United 
States, probably far too many different sizes. 

In many mines, due to favorable seam and mining con- 
ditions, it is possible to produce the low-ash products even 
in the smaller sizes by the usual mining and screening 
operations. In some mines, however, it is not practical, 
in the usual mining and screening operations, to produce 
products sufficiently low in ash or sulphur or both to meet 
certain market requirements. Whether the quality of 
such coal can be sufficiently improved by mechanical 
cleaning will depend largely on whether the impurities 
are free or can be freed from the coal and also whether 
the impurities have a sufficiently high specific grav- 
ity. Every mine requires a special investigation and 
study. 

The cleaning of coal is a complex subject but the 
quantity being cleaned is steadily increasing as shown by 
L. N. Plein’s report on “‘Mechanical Cleaning of Coal 
1929 to 1934” (4)! which says: 

‘Despite a period of depression the mechanical clean- 
ing of bituminous coal has shown a steady and persistent 
upward trend as indicated by the increase in the per- 
centage mechanically cleaned from 6.9 per cent in 1929 to 
11.1 per cent in 1934. The tons of cleaned coal dropped 
from a high point of nearly 39,000,000 tons in 1930 to a 
low point of 30,000,000 tons in 1932, coincident with the 


1 Numbers in parentheses refer to bibliography at end of paper. 


TABLE I 
SUMMARY OF COAL FIRING EQUIPMENTt 


Total Per Cent Coal per Year, 
Installed Boiler Annual of Net Tons 
Number Boiler Horse Coal— Total Per 
Firing of Horse Power Net Coal Boiler Per 
Equipment Units Power Per Unit Tons Used FP. Unit 
Hand-fired grates 8,878 949,220 106.8 4,089,827 20.8 4.3 461 
Underfeed stokers 4,423 1,139,292 257.6 9,429,375 48.1 8.3 2,130 
Overfeed stokers 517 124,130 240.1 911,130 4.6 7.3 1,762 
Chain grate stokers** 371 151,815 409.2 1,749,010 8.9 oe 4,714 
Pulverizers 240 144,730 603.0 3,212,124 16.4 22.2 13,384 
Spreader stokers 103 23,505 228.2 242,800 1.2 10.3 2,358 
Total or average 14,532 2,532,692 174.3 19,634,266 100.0 7.8 1,351 
** Includes all traveling grate stokers. 
DATA ON UNDERFEED STOKERS BY TYPES 

Screw feed 1,605 136,390 85.0 844,030 9.0 6.2 526 
Ram feed 1,408 309,742 220.0 1,997,690 21.1 6.5 1,420 
Multiple retort 1,410 693,160 491.0 6,587,655 . 69.9 9.5 4,675 
Total or Average 4,423 1,139,292 257.6 9,429,375 100.0 8.3 2,130 


t Taken from report “Industrial Coal-Burning Equipment,”’ by Appalachian Coals, Incorporated, Cincinnati, Ohio, 1935. g ' , 
Norte: A number of plants with hand-fired grates or underfeed stokers installed in low pressure heating boilers having no horsepower rating are included in 


this summary. 


These plants are counted in under the column ‘‘ Number of Units.’”’ 


The figures shown for boiler horsepower per unit and coal per year per boiler 


horsepower opposite the classifications for ‘‘Hand-fired Grates’’ and ‘‘Underfeed Stokers,” and in the totals, would be modified, of course, had these plants been 
omitted. 
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TUYERES RETORT 


Underfeed burning characteristics with different 
combustion rates 


Cross-section taken at upper end of underfeed stoker 
Dark areas—coal 
Cross-hatched areas—coke in process of formation 
Separate particles—coke undergoing rapid combustion 


low production of bituminous coal in that year. Since 
1932, the growth has become rapid again. Preliminary 
figures for 1934 indicate that the tonnages cleaned that 
year will exceed the boom year of 1929 by at least 
2,900,000 tons.”’ 


What Is Thought to Occur in an Underfeed Stoker Fuel Bed 


A concerted effort is being made at the present time to 
fathom and explain the behavior and peculiarities of 
coals burned on underfeed stokers. The work done by 
the Bureau of Mines, as given in its Bulletin 378, has 
established the fundamental principles of the actions that 
occur in underfeed burning, and has shown that the ac- 
tion of igniting the fuel plays a much more important part 
than it does in an overfeed bed. The report emphasizes 
that actions in underfeed stokers must be much more 
complicated than those observed in the test furnaces 
which were of the pure underfeed type because the mo- 
tion of the fuel must be very complex and will be con- 
trolled by a number of factors which will vary with the 
design of the stoker and the properties of the coal. As the 
length of the stoker increases, the distribution of the fuel 
over the bed becomes better defined; as the green coal 
passes down the retorts, it must be spread—partially at 
least—over the tuyéres. 

In a communication, P. Nicholls, of the Bureau of 
Mines, suggests that the distribution of fuel on an under- 
feed stoker at a cross-section may be somewhat as is 
shown in principle by the illustration, which includes 
views of high, medium and low rates of burning. The 
figure suggests that the quantity of green coal which will 
be over the tuyéres will increase with the rate of burning 
and that at the same distance down the stoker the thick- 
ness of the cap of coke over the retort will decrease with 
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increase of rating. It would also be expected that the 
thickness of the cap at a given rate of burning will in- 
crease with the distance from the front wall. 

Such a conception would account in a great measure for 
the blowing of fuel beds and high carbon losses through 
the boiler at high burning rates as fine uncoked coal is 
more susceptible to this action than is coke. Above the 
fuel bed there is illustrated the possible mixing of the 
distilled gases with the air for combustion. As the coal 
is pushed into the retort, the top layer ignites, distillation 
of volatile matter starts, coal cokes and progressively 
burns. The rapidity of ignition will vary with the individ- 
ual coal and plays an important part in its performance. 

The coal must coke and the coke must break up over 
the tuyére rows in order to maintain active burning lanes 
above the tuyére rows. The breaking up of the coke 
formed from the coal on a multiple-retort stoker is not 
affected to any great extent by the mechanical function- 
ing of the stoker. The movement of the fuel by the main, 
or feeding, or secondary rams serves to distribute the coal, 
but produces very little mechanical agitating effect on the 
burning fuel. The breaking up of the fuel is dependent on 
the reactions of the fuel itself. Coals which swell con- 
siderably upon coking break up from internal stresses set 
up by this swelling. Coals which swell only slightly do 
not break up to such an extent. 

Some coals form hard, dense coke masses that fracture 
or break up much less readily than others, and as a result 
offer considerably more resistance to air flow. Some 
form small friable masses that are easily blown off the 
stoker, whereas others contract after initial coking and 
swell, thereby causing fissures through the coke masses. 
Therefore, it will be seen that the condition of the coke 
over the tuyére rows will depend largely on the character 
of the fuel itself and is a primary factor affecting the re- 
sistance or porosity of the fuel bed. 

If the physical and chemical reactions within the fuel 
bed produce coke in large masses, there will naturally 
be large interstices between these masses. The resis- 
tance to air flow will be low with a thin fuel bed and it 
may be necessary to carry a thick fuel bed in order to 
obtain sufficient contact of the air with the coke to main- 
tain the desired proportion of excess air. If the coke is 
fragile and is broken down into comparatively small 
pieces, there will be comparatively small interstices be- 
tween the pieces of coke and the resistance of the fuel 
bed will be high, and it may be necessary to carry a thin 
fuel bed in order to get a sufficient amount of excess air 
through the fire. For example, consider two extremes— 
Rocky Mountain sub-bituminous and Pocahontas coals. 

With the sub-bituminous coals, there is no coking and 
the fuel spreads over the tuyéres practically as green coal. 
The volatile matter is very readily released, leaving small 
particles of carbon behind. With such a coal, it is meces- 
sary to carry a fuel bed only four to six inches thick over 
the tuyéres. Thicker fuel beds simply result in matting 
of the fuel and resultant non-uniformity of resistance or 
operation with a deficiency of air, with consequent exces- 
sive fuel bed and furnace temperatures and losses due to 
incomplete combustion. 

On the other hand, when burning Pocahontas coals, 
particularly on short stokers and at low rates, large masses 
of coke are formed. It is necessary to maintain a fuel 
bed upward of two feet thick over the tuyéres in order to 
obtain the desired excess air. 
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The coke deposited on the tuyéres at the lower end of 
the underfeed section may be of a different character 
than that of the upper end of the stoker. Frequently, the 
coke over the tuyéres at the upper end of the stoker will 
be small in size and that at the lower end will be large. 
Under such conditions, it is necessary to carry a con- 
siderably thicker fire at the lower end than at the upper 
end. 

The rate of combustion has a pronounced effect on the 
character of the coke produced during the operation of 
the stoker. Usually the pieces of coke will be larger and 
the fuel bed thicker, at low rates of combustion. At 
higher rates, where the coke is formed more quickly, the 
pieces may be very small and it may be necessary to carry 
a very thin fuel bed. It is usually necessary to set up 
widely different methods of operation to obtain satisfac- 
tory performance over any great range of combustion 
rates. 

At one stage during the coking process the coal is in a 
plastic state and it is now believed that the plasticity or 
plastic range (the temperature range through which coal 
is in a plastic state) has much to do with the performance. 
It is apparent that coals having a long plastic range will 
offer a greater resistance to air flow than those having a 
shorter range. 

One common complaint in connection with multiple- 
retort stoker operation, particularly the older types, is 
fuel-bed matting; that is, matting of the fuel from retort 
to retort across one or more tuyére rows. Such a condi- 
tion is the result of some interference with uniform air 
flow through the fuel bed which in turn causes the fuel to 
cake and coke without burning. In its initial stage, this 
mat may consist of green coal but as it moves downward 
it is transformed into a dense coke mass. This matting 
action has a paralyzing effect upon the upper and mid- 
section of the stoker, throwing a greater burden on the 
lower end, thereby greatly disturbing its function. The 
maintenance of a thinner fuel bed tends to prevent this 
occurrence. 

Many times, engineers are confronted with the be- 
wildering fact that two different coals from the same 
seam, analyzing approximately the same, produce en- 
tirely different results both from an operating and effi- 
ciency standpoint. Table FI shows results secured in a 
multiple-retort stoker-fired plant under similar load con- 
ditions on two groups of coals from the same seams (with 
the exception of mines 4 and 4A) having similar proxi- 
mate analyses. Coals in Group 1 produced satisfactory 


results whereas those in Group 2 caused trouble from fuel 
bed matting or clinkering. Group 2 coals give high re- 
sistance to air flow. Although the cause of this high re- 
sistance was not determined, it probably was due to the 
size of the coal or to the nature of the coking process, pos- 
sibly involving the plastic range and the manner in which 
the volatiles were released. The ash-softening tempera- 
ture of all coals involved was relatively high, and the fact 
should be noted that despite this, clinker trouble devel- 
oped with two of the coals. This no doubt was caused by 
“hot spots” or torch action as a result of the matting of 
the fuel. 


Ash Softening Temperature and Clinker Formation 


The ash softening temperature is usually the most im- 
portant characteristic of ash. Much work has been done 
on this subject, particularly by the U. S. Bureau of 
Mines in developing the present A.S.T.M. standard 
method (7) and in determining ash softening temperature 
for large numbers of American coals. These results are 
available in various publications (8) of analysis data. 

Later, work was done by both the U. S. Bureau of 
Mines (9) and the Carnegie Institute of Technology (10) 
on the relation of the present ash softening temperature 
methods to clinker formation. One of the conclusions of 
these investigations was ‘‘that no other single value for 
fusibility of the ash would give better coordination with 
the clinkering scale than does the softening temperature.’ 
As a result of recent studies (11, 12), it has been shown 
that the ash “softening temperature, although empirical, 
has been found to be definitely related to ash composi- 
tion.’ (13) 

There is some difference in ash softening value as 
affected by coals with different burning characteristics. 
For instance, the minimum ash softening temperature of 
a free burning coal can be slightly lower than that of a 
strong coking coal in underfeed stoker operation. This 
is probably due to a freer air distribution with the former 
coal and to localized heat or zones of higher temperature 
produced in the fuel bed by the strong coking action of 
the latter. Underfeed stokers are rather sensitive to the 
ash softening value and it is necessary to consider this as 
a factor when designing boiler units. The newer types of 
underfeed stokers with continuous ash discharge are not 
as susceptible in this respect as are the older types. 

Whether a single, generally accepted size of nut-slack 
coal for underfeed burning is possible for all kinds of coal 
and all types of underfeed stokers is, of course, very 


TABLE II 
SHOWING TWO GROUPS OF SIMILAR COALS WHICH GAVE DISSIMILAR RESULTS ON THE SAME UNDERFEED STOKERS 
GROUP 1 
As Ash 
Received, Dry Basis Btu Soft. 
Mine Evapo- Clinker Burning Casting % lo lo lo 0 per Temp. 
No. ration Formation Nature Loss Moist. V.M F. Ash Sul. Lb "FF Explanation 
1 Good None Coking Normal 3.9 33.3 59.7 7.0 0.7 14270 2750 Satisfactory 
2 Fair None Coking Normal 3.0 32.4 61.8 5.8 0.9 14520 2900 Satisfactory 
3 Good Some non-adhering Coking Normal 3.9 34.7 57.0 8.3 0.6 13950 2840 Satisfactory 
4 Good None Coking Normal — 35.9 58.3 5.8 0.5 14100 2950 Satisfactory 
5 Good None Free Normal 3.7 36.7 57.0 ae 6 14010 2450 Satisfactory 
6 Good None Free Normal 8.4 35.1 54.6 10.3 0.4 13340 2900 Satisfactory 
Average analysis 4.6 34.7 58.0 7.3 0.6 14030 2800 
GROUP 2 
1A_si Fair None Hard coking Normal ss 35.5 58.0 6.5 0.6 14200 2750 = Fires matted 
2A Fair None Hard coking Above normal a 33.1 56.7 10.2 0.5 13860 2930 Fires matted 
3A Poor Some-adhering Hard coking Excessive 3.4 37.6 55.5 6.9 0.7 14140 2900 Fires matted—clinker trouble 
4A Poor Some Hard coking Above normal 6.4 37.0 55.1 7.9 0.6 13820 2900 Fires matted 
5A Fair Bad Caked Excessive 5.4 37.4 54.0 8.6 0.9 13670 2620 Fires matted—clinker trouble 
6A Poor Bad Caked Excessive 4.0 36.8 53.2 10.0 0.8 13460 2700 Clinker trouble 
Average analysis 4.8 36.2 55.4 8.4 0.7 13860 2800 
Mine numbers 1-1A, 2-2A, et cetera, indicate similar coals from mines in the same seam with the exception of 4-4A which are similar coals from different 


seams. 


36 





November 1935—-C OMBUSTION 











doubtful. Also the determination of any such optimum 
size or sizes would require burning tests on commercial 
stokers under regular plant conditions which would 
usually be difficult to arrange. However, despite the 
difficulties, attention is being given the question of proper 
size of coal for underfeed burning but so far not enough 
data are available to draw definite conclusions. 

A serious mistake has frequently been made, especially 
in the industrial field, in not taking into account the 
fundamental principle that low-grade coals require the 
highest grade combustion equipment. In contemplation 
of the use of low-grade coals, design must not temporize 
with equipment cost. It must include the higher invest- 
ment necessary to secure proper furnace and stoker de- 
sign and arrangement of same. High-grade coals having 
greater flexibility do not necessarily require as large a 
capital investment in equipment. Between these ex- 
tremes in coals, design can be modified according to the 
types of coals involved. 

What are the variations in the plant design that result 
in such differences in results? The variations are found 
in the following factors: 

1. Furnace design— including width, height, depth of 
furnace and arrangement of furnace volume, whether re- 
fractory or water cooled walls, or a combination of the 
two, type of refractory problem, if any, as a result of de- 
sign (slagging, spalling or accumulative). 

2. Boiler design—shape and size affecting furnace and 
stoker dimensions, tube spacing, arrangement of gas 
baffles, draft loss and type, if any, of slag screen. 

3. Stoker design—type of tuyéres, pusher block or 
ram movement, as to sequence and extent (whether in 
phase or out of phase movement), type of agitation and 
effect on fuel bed, type of ash disposal equipment (single 
or double dumps, clinker grinder or other continuous ash 
discharge), method of combustion air distribution. 

4. Miscellaneous factors—available stack draft, avail- 
able forced draft, draft restriction, if any, combustion air 
temperature (whether normal or preheated), furnace 
temperatures (particularly at lower end of stoker), coal 
burning rates, air control (manual or automatic), whether 
secondary air has independent control, furnace heat re- 
lease, grade or quality of plant maintenance. 

Proof of the sensitiveness of coal and the importance of 
careful design lies in the fact that the combustion be- 
havior of a coal many times differs in plants of similar 
design. 


The logical explanation for this situation is that other 
factors, many times considered insignificant, combine 
and exert a powerful influence upon the behavior of given 
coals. Slight differences in load conditions, firing tech- 
nique, air pressure, character of maintenance, etc., ap- 
pear to create changes in the results given by many coals 
out of proportion to the magnitude of the change in con- 
ditions. 
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World Power Conference Next 
September in Washington 


As previously mentioned in these columns President 
Roosevelt extended an invitation last summer to hold 
the Third World Conference in this country next Fall. 
This invitation has now been accepted by the Interna- 
tional Executive Committee and the date has been set 
for September 7 to 12 at Washington, D. C. This is 
not to be confused with the Chemical Engineering Con- 
gress of the World Power Conference which is scheduled 
for London next June. 

It is understood that the theme of the Washington 
meeting will be ‘national power economy’ and that 
regional planning, fuel conservation, water power and 
regulation of public utilities will be among the subjects 
to be discussed. 
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STEAM ENGINEERING 


ABROAD 


As reported in the foreign technical press 


Pulverized Coal Distributor 


Among the numerous exhibits at the recent British 
Shipping, Engineering and Machinery Exhibition de- 
scribed in detail in Engineering and Boiler House Review 
was a new pulverized coal distributor which formed part 
of the exhibit of the Department of Scientific and Indus- 
trial Research. With a view to effecting uniform distri- 
bution where the main coal and air stream must be di- 
vided into two or more branches it is first led through a 
number of small square ducts distributed over the whole 
area. Alternate rows of these ducts are inclined in 
opposite directions and lead into long narrow ducts 
which, in turn, are alternately inclined in opposite direc- 
tions to take the divided streams into the final branches. 

In the model exhibited two colors of balls of different 
sizes represented the different sized coal particles and it 
was observed that the quantity from each branch pipe 
was the same, each quantity consisting of the same 
number of large and small balls. 


British Electrical Output 12.1 Per Cent 
Ahead of 1934 


According to reports from the British Electricity Com- 
mission, the output of electric utilities in England for the 
first eight months of 1935 was 10,907,000,000 kw hr, 
compared to 9,733,000,000 kw hr for the corresponding 
period of last year. This represents an increase of 
12.1 per cent. Incidently, the increase in the United 
States for the corresponding period was 10.5 per cent. 


Peak Load Stations 


The economical handling of peak loads is discussed in 
the October 11 issue of Engineering by F. de la C. Chard 
who refers to the quite general practice of employing the 
older and less efficient stations for this purpose. He 
points out, however, that such stations were originally 
designed for base load; that their boilers are usually not 
adapted to rapid steaming, hence high standby charges, 
and that the turbines as a rule cannot be loaded quickly. 
For these reasons the author advocates plants especially 
designed for peak load service. Three types of such 
plants are discussed, namely, steam storage, hydro stor- 
age and the installation of turbine-generators having high 
overload capacity through the introduction of steam at 
boiler pressure to the intermediate or low-pressure cylin- 
ders. 

Of these the last named method shows the greatest 
savings but is subject to several disadvantages as it 
involves the construction of new primary stations and 
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the boiler house load factor would be relatively low. 
The author’s conclusions are that the steam storage plant, 
all things considered, offers the most promising method 
of dealing with peak loads. In support of this conten- 
tion he cites the 40,000-kw steam-accumulator plant at 
Charlottenburg which has resulted in a boiler load factor 
improvement from 37 to 53 per cent, whereas the ratio 
of maximum to minimum load on the base-load turbines 
has been reduced from 19-1 to 4-1. 


Nuevo Puerto Power Station 


The Brown Boveri Review for October 1935 describes in 
detail the Nuevo Puerto Power Station of the Cie Italo- 
Argentina De Electricidad at Buenos Aires. This station 
is laid out for an ultimate capacity of 350,000 kw, but the 
initial installation, which has now been in operation about 





five years, consists of three 35,000-kw tandem-compound 
Brown Boveri turbine-generators supplied with steam at 
530 Ib, 800 F by eight boilers. Economizers, air heaters 
and evaporators are provided. An exterior view of the 
station is here reproduced to show how the architecture 
differs from that prevailing among American plants. 


South Africa’s Largest Steam Station 


The new Klip Generating Station, the largest in South 
Africa is now nearing completion and was described in the 
June and July issues of South African Electrical Review 
and Engineer. Owned by the Electricity Supply Com- 
mission the new station will be operated by the Victoria 
Falls & Transvaal Power Company and will have an 
initial capacity of 132,000 kw although an ultimate 
capacity of about 350,000 kw is planned. There are 
being installed eight boilers each rated at 180,000 lb of 
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steam per hour at 355-lb pressure and 735-760 F steam 
temperature. Each boiler will be served by an individual 
stack and fired by a chain-grate stoker 23 ft wide by 
20 ft long. It will also have an air heater to supply the 
stoker with preheated air at 250 to 280 F. 

There will be four 33,000-kw turbine-generators and a 
7000-kw house set, each of the main turbines bleeding to 
an evaporator. Condenser circulating water will be 
cooled by large concrete cooling towers. The guaranteed 
steam consumption of each main turbine at full load in- 
cluding auxiliaries and steam bled to its evaporator is 
given as 350,000 lb per hr, or 10.6 lb per kwhr. 


German Plant Installs Reciprocating 
Engines for High-Pressure Service 


Employment of reciprocating steam engines for high- 
pressure service by a German industrial plant is described 
in the October issue of Engineering and Boiler House 
Review of London. A Sulzer continuous tube boiler, 
generating steam at 100 atmospheres (approximately 
1470 lb per sq in.) and 750 F steam temperature, supplies 
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Diagram of Plant Including Sulzer Mono-Tube 100 Atm 
Steam Generator and Back-Pressure Engines 


High-pressure Circuit. Low-pressure Circuit. 

1. Furnace. 27. Stop valves for pumps. 

2. Feed pump. 28. Feed pumps (1 standby). 

3. Economizer. 29. Non-return valves. 

4. Evaporator. 30. Economizer (old and new boilers). 
5. Separator. 31 and 32. Existing l.p. boilers. 

6. Supplementary evaporator. 33 and 34. Drain valves. 

7. Injection valve. 35 Superheater. 

8. Injection in superheater. 36, 37. Stop valves for circuit [ 
9. Superheater. and ITI. 

10. Regulating valve for engines. 38. Steam pressure reducing station 
11. Back-pressure engine. for constant press. in circuit II. 
12. Non-return valve. 39. Stop valve for l.p. boiler. 

13. By-pass valve (automatic). 40 and 44. Adm. valves to st. eng. 
14. Steam transformer. 41. Existing condensing steam tur- 
15. H. p. condensate collector. bine with steam extraction. 
16. Stop valve for pumps. 42 and 46. Condensers. 

17. Feed pumps and standby. 43 and 47. Vacuum pumps. 

18. Non-return valves. 45. Existing cond. engine with inter- 
19. Stop valve for recip. pump. mediate extraction. 
20. 


Stop valve with non-return 48,49. Valves for steam extraction. 
valve for recip. pump. 50. Circuit I with variable pressure. 


21. By-pass with non-return valve. 51. Valve between circuits land II. 
22. Safety valve. 52. Recovery of condensate, heating 
23. Feedwater main. circuits I and II. 

24. Oil drain valve. 53. Feedwater make-up. 

25 and 26. Drain valves. 54. Feedwater tank. 


two 800-kw steam engine-generator units which exhaust 
against a back pressure of about 90 lb. The exhaust 
from the engine passes through a heat exchanger and 
works on a close circuit. The hook-up which is most 
interesting is here reproduced. The steam engines were 
designed with a very flat water-rate-load curve and are 
said to be especially suitable for the fluctuating load 
under which the plant operates. 
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A NEW DEPARTURE IN GAS ANALYZER DESIGN 


Monel case 41% x 8 x 18” for single or 3-chamber analyzer, 
or combustion testing set with thermometer and draft gage 
set. Floating air bell for O. and CO containers, replacing 
air bag. Vision panel, solutions visible at a distance of 
several feet. White scale 7 to 8” long for 50cc. White 
background for capillary tubes. Hard rubber header and 
needle valve points, corrosion-proof. Needle valves thru- 
out, swivel joint, no grease. Curled hard rubber in ab- 
sorption chambers, corrosion-proof—‘‘A very superior in- 
strument.” 
See our Exhibit IH & VE Exposition Chicago January 27-31, 1936 


ELLISON DRAFT GAGE CO. 
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This year’s Annual Meeting of the American Society of 
Mechanical Engineers, scheduled for Dec. 2 to 6 at New 
York, will include an unusually large number of papers 
pertinent to the field of power engineering. The pre- 
liminary program just released includes the following 
papers of this character: 


Tuesday afternoon, December 3, 2 p.m. 


“Cause and Prevention of Turbine Blade Deposits,” by F. C. 
STRAUB. 


“An Airfoil Type Propeller Blower for Ventilating Electric 
Machine,” by C. E. PEcK AND M. D. Ross. 


“Influence of the Double Eddy Current on the Design of Dust 
Collectors,’? by H. von TONGEREN. 


“Cavitation Testing of Model Hydraulic Turbines and Its 
Bearing on Design and Operation,” by L. J. Davis. 


“Cavitation Testing on Propeller Pumps,’’ by Pror. A. TENoT, 


A.S.M.E. Annual Meeting Program 


Wednesday, December 4, 2 p.m. 








translated by L. S. KERR. 


“Design Aspect of Creep,” by R. W. BaILey. 


“A Method of Analyzing Creep Data,’ by R. G. Srurm, C. 


DuMONT AND F. M. Howe .t. 


“The Creep of Metals,”’ by A. NADAI AND E. A. DAVIs. 


Wednesday, December 4, 9:30 a.m. 


“Steam Turbine Testing’ (A proposal to use Impact Pressures 


and Temperatures). 


“The Flow Characteristics of Variable Speed Reaction Tur- 


bines,”’ by A. EGLI. 


“The Viscosity of Water and Superheated Steam,” by G. A. 


Hawkins, H. So_LBERG AND A. A. POTTER. 


“Power Application and Other Mechanical Features in Connec- 
tion with Textile Printing,’’ by R. DEVERE Hope. 


“Stresses in Three Dimensional Pipe Bends,’’ by Wm. Hov- 
GAARD. 


“Creep Strength of Steels as Influenced by Microstructure,” 
by L. L. WyMaAn. 


“‘An Experimental Investigation of Heat Absorption in Boiler 
Furnaces,” by W. J. WOHLENBERG, H. F. Mut Lixin, W. H. 
ARMACOST AND C. W. GORDON. 


“Critical Review of Methods of Computing Heat Absorption in 
Boiler Furnaces in the Light of Data Presented in Part 1,” 
by W. J. WOHLENBERG AND H. F. MULLIKIN. 


*‘An Empirical Method of Solving for Heat Absorption in Boiler 
Furnaces,”’ by H. F. MULLIKIN. 


“The Measurement of Air Flow in Fan Inlet and Discharge,” by 
L. S. MARKs. 


“The Definition of the Quantity-Head Characteristics of Fans,”’ 
by M. C. STuART AND W. E. SOMERS. 


Thursday morning, December 5, 9:30 a.m. 


“Factors in the Selection of Coal for Unfired Stokers,”’ by 
Committee of fuel engineers representing Appalachian Coals, 
Inc.—R. L. Rowan, L. A. SHIPMAN, T. H. Queer, K. J. 
KASPER, O. O. MALLERS AND J. E. ToBEy. 


“Symposium on Zoned and Metered Air Control for Underfeed 
Stokers,” by H. E. Macomser, A. S. GRISWOLD AND J. N. 
LANDIS. 


Thursday afternoon, December 5, 2 p.m. 


“The Life of Various Types of Furnace Bottoms for Tapping 
Ash in the Molten State,” by RoLFe SHELLENBERGER. 


“‘Water-Cooled Stokers,” by J. S. BENNETT AND C. J. HERBECK. 


“Electrostatic Precipitators for Stoker-Fired Boilers,’’ by C. W. 
HEDBERG. 
(Continued on page 42) 





EASILY OPENED & 
CLOSED 
IN SERVICE 


Blow-off valves must not only 
be durable and efficient; but such 
valves must be capable of easy 
opening and closing in service. 
Strong Evertyte Blow-off Valves 
are especially built to meet these 
requirements. There is no resis- 
tance to opening or closing ex- 
cept pressure on the disc. 

These Valves are lined with 
superheat packing which may 
be renewed under pressure. 

Furnished in regular, chrome 
and semi-steel depending on 
your pressure and temperature 
requirements. For further infor- 
mation call in a Strong represen- 
tative, and/ or write for Bulletin 
Number 100-C. 








STRONG EVERTYTE 
BLOW-OFF VALVES 








NOTE THESE 
FEATURES 


1. Easily opened and closed 
in service 

2. Bodies machined from 
solid block steel 

3. “Anum-metl” seats and 
dises (guaranteed tight for 
one year) 

4. May be packed under 


pressure 
5. Durable and efficient 


6. Regular Steel plate valves 
built for steam pressures up 


Swenginen Type Strong(Evertyte) Blow-off Valve. In- to 1,500 pounds and tem- 


ternal sleeves and packing have no place in Strong Valves; 
and neither gears nor special leverages are required. 


peratures of 800 degreesF. 


THE STAONG-CARLISLE «HAMMOND GO- 


1392 WEST THIRD STREET...CLEVELAND, OHIO 


‘*Strong’’ Steam Traps 


Manufacturers of 
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SEND FOR THIS 
CATALOG! 


E are publishing a valuable new 10 
page folder-catalog on Reliance Water 
Gages. 


It illustrates and describes 38 gages, among 
them the most important developments in 
the field, especially for high pressures. In- 
cluded are some remarkable new illumina- 
tors and data on this subject. 


The catalog is free, of 
course, and very much 
worth having in every 
power plant. Send for it. 


The Reliance Gauge 
Column Co. 


5942 Carnegie Ave. 
Cleveland, Ohio 


s 
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WATER GAGE HEADQUARTERS 





A.S.M.E. Annual Meeting Program 
(Continued from page 41) 


‘‘Power Distribution Costs,’’ by Morris L. Cooxke. 


“Film Lubrication Theory and Engine Bearing Design,’’ by 


E. S. 
DENNISON. 


“Ignition and Combustion of Diesel Fuels,” by G. D. BozRLAGE 


“Oil Engine Electric Generating Station Operating Costs,”’ 


AND J. J. BROEZE. 


by 
Geo. C. Eaton (1934 Cost Data Report.) 


‘“‘The Use of Solubility Data to Control the Deposition of Sodium 


Sulphate or Its Complex Salts in Boiler Water,’ by W. C. 
SCHROEDER, A. A. BERK AND E. PARTRIDGE. 


‘Estimation of Dissolved Solids in Boiler Water by Density 


Readings,” by J. A. HOLMES AND J. K. RUMMEL. 


‘Suspended Solids in Foaming and Priming of Boiler Water,” by 


Pror. C. W. Fouik. 


‘Effect of Solutions on Endurance of Low Carbon Steel Under 


Repeated Torsion at 482 F (250 C),” by W. C. ScHROEDER 
AND EVERETT P. PARTRIDGE. 


‘“‘Embrittlement of Boiler Steel by Caustic Soda,” by G. H. 


WAGNER AND J. R. WALL. 


“Study of Effect of Concentrated Sodium Hydroxide on Boiler 


“Radiation from Non-Luminous Flames,”’ 


Steel Under Tension,’”’ by A. S. PERRY. 


by H. C. HoTret ANbD 
V. C. SMITH. 


‘“‘Emissivities of Refractory Materials,’”’ by R. H. HEILMAN. 


“A Radiometric and Pyrometric Study of Diffusion Flames,” 


by M. A. Cooper AND H. C. HOoTre. 


“Radiation from Pre-Mixing Burner Flames in Combustion 
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Chambers,” by E. O. Mattocks. 


A Study of Methods for Measuring Flame Temperature in an 
Internal-Combustion Engine,” by A. E. Hersey. 























EQUIPMENT SALES 


Boiler, Stoker, Pulverized Fuel 





As reported by equipment manufacturers of the 
Department of Commerce, Bureau of the Census 





Boiler Sales 


Orders for 86 water-tube and h.r.t. boilers were placed in 





September 
Number Square Feet 
ERCP eerie 86 260, 
September 1934. . 63 171,554 
January to September (inclusive, ‘193: 5). 737 2,358,072 
Same period, 1934. of 683 2,007,042 





NEW ORDERS, BY KIND, PLACED IN SEPTEMBER 1934-1935 


September 1935 September 1934 











Kind Number Square Feet Number Square Feet 
Stationary: 
Water tube.. 54 221,770 33 134,867 
Horizontal return ‘tubular. 32 38,815 30 36,687 
86 260,585 63 171,554 





Mechanical Stoker Sales 


Orders for 345 stokers, Class 4* totaling 55,260 hp were 
reported in September by 68 manufacturers 





Installed under 





” Fire-tube Boilers Water-tube Boilers 








No. Horsepower No. Horsepower 
September 1935. 275 33,148 70 22,112 
September 1934.. 248 28,527 39 13,460 
January to September (inclu- 
a , ree 1,150 150,014 444 165,156 
Same period, 1934........... 1,089 139,518 377 146,038 





* Capacity over 300 lb of coal per hr. 


Pulverized Fuel Equipment Sales 


Orders for September not reported 
STORAGE SYSTEM 
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Pulverizers Water-tube Boilers 
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Pulverizers Water-tube Boilers 
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September 1935... 

September 1934... 

January to Septem- 
ber (inclusive, 
1935).. 

Same period, "1934. 





September 1935... 
September 1934... 
January to Septem- 
ber oveeuien 
1935).. 
Same period, 1934. 
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1—Dust 


By S. Cyrit BLACKTIN 
296 pages Price $6.50 


Dr. Blacktin has sought to supply the 
need for a comprehensive monograph 
on dust, and has written an exceedingly 
useful treatise. The scope includes every 
aspect of dust, and his book will be valued 
for the bibliography alone, which lists 
more than 500 references. Among other 
subjects the author deals with dust storms, 
explosive dusts and diseases caused by 
dusts. 

The consideration of dust and its 
effects is required in widely diversified 
branches of science and technology, in- 
cluding geology, botany, agriculture, 
theoretical research, smelting and re- 
fining, air conditioning and many proc- 
essing industries. 

Dust is recommended as an authorita- 
tive reference work for research engineers, 
plant managers, health officials and all 
who have to deal with the dust problem 
in manufacturing, science and disease. 


2—Combustion in the Power 
Plant (A Coal Burner’s 
Manual) 


By T. A. MaArsH 
255 pages Price $2.00 


The author’s discussion of coals and com- 
bustion is simple and understandable. 
His consideration of equipment—stokers, 
boilers, furnaces, fans and auxiliaries—is 
thoroughly practical. He tells how, to 
select a stoker for the best available coal; 
how to design furnaces and arches; how to 
analyze draft problems and design chim- 
neys, gas flues and boiler passes; how to 
purchase coal and calculate steam costs: 
He gives to every phase of his subject a 
practical interpretation that makes this 
book of exceptional value to men actually 
identified with steam plant design and 
operation. 


3—Power Operator’s Guide 


Compiled by E. J. TANGERMAN 
568 pages Price $4.00 


This is a compilation of short practical 
ideas relating to power plant operation 
that have appeared over a period of years 
in Power under the titles of ‘Ideas from 
Practical Men’”’ and ‘‘Right Out of the 


— BOOK § 


Plant.’”’ These selected communications 
from readers have been arranged in suit- 
able groups under the following chapter 
headings: Fuels, Firing, Furnaces and 
Combustion; Feed Water-Handling, 
Treating and Heating; Boilers, Super- 
heaters, Soot Blowers, Air Preheaters, 


Blowdown; Engines; Turbines and 
Condensers; Electricity; Oil and Gas 
Engines; Pumps; Air Compressors; 


Gages and Meters; Mechanical Trans- 
mission; Bearings and Lubrication; Pip- 
ing, Valves and Fittings; Building Ser- 
vices—Heating, Ventilating, Air Condi- 
tioning, Hot Water; Refrigeration; Water 
Power; Elevators; Tools; Miscellaneous. 


4—Standards on Refractory 
Materials 


Price $1.00 


In addition to all of the twenty-one 
specifications, test methods and defini- 
tions standardized by the American 
Society for Testing Materials through the 
work of its Committee C-8 on Refrac- 
tories, this publication includes the 
Manual on Interpretation of Refractory 
Test Data, detailed information on the 
standard samples of type refractory ma- 
terials and reports of extensive industrial 
surveys showing the service conditions 
of refractories in outstanding consuming 
industries. 

Accurate investigation of refractory 
materials is difficult unless competent 
methods are used to analyze and report 
the groups of data developed. The 
Manual on Refractory Data, which is 
given, evaluates the methods of inter- 
pretation. First issued in 1932, the 
current Manual is extensively revised 
and simplified. 


143 pages 


5—Coal and Coal Products 


Compiled by F. R. WaADLEIGH 
Price $1.00 


This book of 63 pages contains not only 
a list of books and articles in the English 
language concerning coal, but also tabu- 
lates articles dealing with coal and related 
subjects, and similarly the publications 
of societies and technical institutes and 
bulletins and reports of various universi- 
ties and colleges. The proceedings and 
other publications of the American In- 
stitute of Mining and Metallurgical 


63 pages 





COMBUSTION PUBLISHING COMPANY, Inc., 















































Engineers, American Society of Mechani- 
cal Engineers, American Society for 
Testing Materials, American Mining 
Congress and the American Chemical 
Society are appropriately listed, as well 
as the reports of various commissions 
on coal in the United States and Great 
Britain. 


6—Mechanics of Materials 


By S. G. Georce and E. W. RETTGER 
Price $3.75 


This is a simple yet comprehensive treat- 
ment of elementary mechanics of ma- 
terials, written primarily for students in 
engineering. The book, although pre- 
supposing a limited knowledge of cal- 
culus, should also serve as a convenient 
reference for the practicing engineer who 
may be a bit rusty in this branch of 
mathematics. References are also given 
to more advanced treatises on the subject 
and the arrangement of the text is such 
that any or all of the advanced topics 
may be eliminated without loss of sequence 
in the more elementary portions. One 
of the distinctive features of the book is 
the inclusion of material on the slope 
deflection method for finding the de- 
flection of a beam and the reactions of a 
statically intermediate beam. 


483 pages 


7—Draft and Capacity of 
Chimneys 


By J. G. MINGLE 


Illustrated Price $3.50 


The subject matter of this book has been 
developed primarily from a theoretical 
standpoint and then amplified by experi- 
mental data gleaned from actual practice 

The author observes that draft, even to 
the expert, frequently contains an element 
of mystery, and that there is often a great 
deal of confusion and misconception on 
the subject. A careful study of this book 
will give a thorough and practical knowl- 
edge of this important subject. This book 
is profusely illustrated with graphs and 
charts. Many valuable tables are in- 
cluded and the index has been prepared 
for ready reference. 


339 pages 





FILL IN AND 
MAIL 


200 Madison Avenue, New York, N. Y. 


Enclosed find check for $...... for which please send me the books listed by number 


NAME — 


Books Nos. 











ADDRESS 





Postage prepaid in the United States on all orders accompanied by remittance or amounting to five dollars or over. 
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CHRONILLOY ELEMENTS 


HOW MUCH IS IT COSTING you to 
maintain the SOOT CLEANER ELE- 
MENTS in the HIGH TEMPERA- 
TURE positions of your boilers? Here 
is an element sold with an 18 
MONTHS SPECIAL UNQUALI- 
FIED SERVICE GUARANTEE. 


COST MORE? Yes, but THE BAYER COMPANY cheap imitations may be of- 


WHAT SERVICE LIFE! 4067 Park Ave. 


BALANCED VALVE-IN-HEAD 


FIRST QUALITY IN DESIGN, 
WORKMANSHIP AND MATERIAL. 
Back of this IMPROVED SOOT 
CLEANER HEAD lies years of study 
to make it trouble free and give de- 
pendable service day after day. 
Analyze before you buy as 


St. Louis, U.S. A. fered. 
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YARWAY SEATLESS BLOW-OFF VALVES 
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YARNALL-WARING CO. PHILADELPHIA, PA. 
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